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INTRODUCTION 


A t the instance of the late Major F, de B. Hancock, then 
Administrator, I was, on the loth June, 1915, entrusted with 
the work of making a geological reconnaissance of the Porbandar 
State, with a view to the future development of its mineral and 
stone resources. 

Every facility for travelling and for the collection of specimens 
and their subsequent examination was accorded ; while a workshop, 
laboratory and photographic studio were duly installed and equip- 
ped to my entire satisfaction ; but, for the lack of suitably trained 
assistants, I was obliged to do the whole of the work single-handed, 
with only such help as could be given by a mechanic, a stone-mason 
and the occasional services of the local photographer. 

Instructions were issued for the preparation of a ‘Rough Monthly 
Report’ and an additional ‘Quarterly Summary of Results’ ; and it was 
at first intended that the latter alone should be printed and published, 
at a nominal charge, for broadcast distribution ; but, after carefully 
perusing a few of the monthly reports, Major Hancock, himself a 
well-read geologist, decided that these also should be printed and 
issued as an appendix to the entire work when completed. At my 
suggestion, however, the ‘ Rough Monthly Reports' were revised 
and incorporated in form of a ‘ Narrative Report ’ to precede the 
pages of the ‘ Quarterly Summary of Results.’ 

By reason of illness, Major Hancock found it advisable to take 
a voyage to England ; but, to the regret of everyone concerned, he 
died during the journey home, on 6th May, igi6 ; his duties being 
left in charge of Major E. O’Brien, on the ist May, 1916, who 
now continues as Administrator of the State. 

Reconnaissance work consisted in the selection and installation 
of suitable centres of observation called ‘ Camp-Stations,’ from which 
excursions were made so as to cover the entire countryside in their 
neighbourhoods ; and, in this way, almost every inch of ground in 
the State was traversed and exhaustively examined. During each 
excursion, copious notes were taken, and specimens secured of 
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everything likely to be of economic worth or scientific interest, 
while large samples of merchantable materials, suitable for being 
trimmed and displayed, were also collected. AH specimens were 
registered, accurately localised and provisionally named on a list, 
which will be found recorded by instalments in their proper places in 
the pages of the ‘ Narrative Report^ ; and, it may be casually noted 
that the whole of this work, even down to the labelling and packing 
of samples had to be done personally by myself in order to avoid 
mistakes. In addition to this, the field-work included the taking of a 
complete series of chips, some of them indefinite directions, or of 
suitable samples for subsequent microscopical determinations or 
chemical analyses. 

Meanwhile, specimens and samples were sent at intcrv^als from 
the camp-stations to headqinirters at Porbandar City, and the work 
of preparatory or rough grinding of the rock chips, on a lapidary- 
machine was carried out by the previously trained mechanic ; but 
the delicate work of final reduction of the thin sections and their 
preparation as microscopical slides proved to be beyond the powers 
of the skilled mechanic and had also to he personally done by myself, 
after completion of tlie field work. 

Upon my return to headquarters on the 17th May, 1916, the 
laboratory and photographic studio were overhauled and put into 
perfect working order ; while several thin sections of each chosen 
specimen were prepared and typical portions marked for photo- 
micrographs. The ‘Duplex Photo-micrographic Camera,' — speci- 
ally made by the celebrated firm of Mirssus. Watson and Sons. 
Limited, of 313, High Holborn, London, W. C., — and diffused day- 
light alone, without any accessory illuminating apparatus, was used 
for this work wn‘th the happiest of results. Each object having been 
adjusted to exhibit the required ficld-of-view, and personally examin- 
ed and approved of, a ‘ halLpIatc ' picture was then taken, developed 
and printed by the local photographer,— Mu. JivANi>As Damodas,— 
from which reproductions by the half-tone process were made hv 
The Tinier PrOiS of Boinba\'. 

As the time allotted for the completion of the w'ork within the 
period of twelve months, was found to be insufficient for further 
desirable laboratory research, extensions of time were granted,— 
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fir.st, by the late Major Hancock and afterwards by the present 
Administrator, Major E. ’O’Brien, — up to the end of November, 
1916. The preparation of numerous thin sections, their examin- 
ation and determination of constituents under the microscope, the 
passing of ‘ proofs ’ for press and the compilation of an exhaustive 
index, proved to be a far more arduous task than anticipated ; so 
that I found it necessary to devote the best part of my time and 
attention, — out of office, — to the completion of the work, up to the 
end of June, 191 7, 

• 

My thanks are due to Messrs. R. Sydney Symons and R. E. 
J. M ‘Cully for their courtesy in supplying quantitative chemical 
analyses of a few typical samples, which will be found duly acknow- 
ledged in the pages of these reports. 

It ma)' be specially noted, that the list of registered samples, 
presented in the ‘ Narrative Report ' * was submitted as merely 
provisional ; but this has to some extent been rectified by the petro- 
graphical determinations given at the close of the ‘Final Ouarterlv 
Report/ t The only correction of importance thereby revealed, is, 
that the Dhinak Dhar rock, No. qr, described as a ‘ blue-black 
basalt,’ turns out to be of undoubted hypabyssal and not of volcanic 
origin.j 

These reports ought to be frequently consulted by engineers, 
architects, builders, contractors and stone merchants in India, as a 
trustworthy guide to the choice of an entirely new, vast and varied 
series of both building and ornamental stones, well-calculated to 
supply long sought-for warts ; and special attention may therefore 
be directed to the information given concerning the incomparably 
strong and durable granophyres and felsites, the hitherto unutilised 
rhyolites and goodly range of ornamental igneous as well as sedi- 
mentary stones, a few of which, notably the orbicular granophyre 
and the newly-named ‘ Bharwaralite ^ and ‘ Tukralitc ’ are probably 
unique of their kind. The petrographical determinations, now so 
generally demanded by advanced architects, ought also to furnish 
instructive pabulum for University and other students of applied 

* PostcGy ‘ Narrative Report,’ p. ii. 
t roi>lciK ‘ Final Ouarterly Report, p. go, ctsequentes* 

+ 'Final ^Juai <crly Report, p. 96. 
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geology ; while the practical notes and suggestions, by the way, 
such as the need for a Railway Station or loading platform at 
Bordi* ; calls for irrigation improvements t and the reclamation of 
vast tracts of fertile land, | if adopted, could scarcely fail to lead 
directly to a substantial increase of revenue. 

Finally, it is worthy of record, that the collection of specimens 
has been deposited in cabinets and shelves in the Victoria Jubilee 
Commemoration Hall, Forbandar, to form, it is hoped, the nucleus 
of a thoroughly representative State Museum. 


PORBANDAR 
Kathiawar, India 
August 1917 


E. HOWARD AD YE 

C 0 us li King Gcoiogh /. 


Postea, ‘ Narrative Report,’ p. clxxx. 
t P'^^lca, ‘ Narrative Report.’ pp. clxxii, clxxiV‘*-Ll.xx\!i. 
Z Posleti. Ouarterh Reports, ' pp; 73. 
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NARRATIVE REPORT 


ON 

THE EC0N031IC GEOLOGY OF POEBANDAE STATE 

BY 

E. HOWARD ADYE, F.G.S., etc. 

DIGEST OF DIARY. 

June, 1915. 


T T XDER THE VIGOROUS administration of Major F. De B, 
HA^xocK, a new departure has just been taken by the creation 
of a Geological Survey Department, under the control of Mr. E. Howard 
Adye, Consulting Geologist, London, W., and late Director of the 
Geological Survey of Navanagar State. 

Preliminary work was commenced, when Mr. Adye took charge 
of his departmental duties on loth June, 1915. 

During the intervening days, from the loth to the 26th of June 
1915, the head-quarters of the Geological Survey (favourably situated 
at the south-eastern outskirts of the City of Porbandar) were put into 
good working order, and the permanent staff called together and indivi- 
dually instructed concerning their future duties m the menage of the 
establishment. 

Camp-Station L— Head-Quarters, Porbandar City. 

O N THE 23 June, 1915, preparations were made for field-work 
and tents were pitched and arranged in the compound of the 
headquarters in order to drill the staff for Camp duties. 

The megascopic examination of specimens, coupled with sundry 
physical tests, can, of course, be accomplished, under ordinary circum- 
stances, without any drawback ; but, it must be borne in mind, that 
on account of the ‘‘ personal equation/' errors in the determination of 
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the mineral constituents or other (organic) units of the rock-mass 
under consideration, are liable to occur frequently, even in the hands 
and under the vision of an expert. Megascopic determinations must 
therefore be taken as provisional, and, as such, will be entered, from 
time to time in the register of samples collected, until corrections can be 
made under the light sired by subsequent laboratory research. 

Under this reservation, the subjoined list of samples is now 
submitted. 


Date. 

Regis- 

tered 

No. 

Provisional Name. 

Locality and Remarks. 

26-G-15. 

1 

Rubbly, very Sandy and Ferru- 
gino lib -Limestone . 

Arabian sea-shore, covered by 
tides ^m. due E. of Headquarters. 

20-6-15. 

2 

Shell-Sand, medium grained, 
probably Foraminiferal. 

Low dunes, for alx)ut ^^Jth mile 
inland, overlapping No. 1. 

20-6-15. 

3 

Same formation as No. 1, but 
additionalh’ compacted by 

incoherent sand and ferru- 
ginous, calcareou>, infiltrated 
earth. 

Base of open pit -quarry, just 
NNW. of Lai Bungalow, and 
about mile inland, from 

sea-shore. 

26-6-15. 

4 

Honeycomlx'd, Ferruginous and 
Sandy -Limebtone. 

Overlying No. 3 to a maximum 
thickness of nearly 10 ft. 

26-6-15. 

5 

Consolidated Shell-Sand, com- 
pact, hard, whitish-grey, sound 
stone. Suitable for break- 
waters. 

Broken boulders, in situ, at high- 
tide mark. 1^ m. SSE. of Head- 
quarters and near Palace. 

20-6-15. 

6 

Grey-brown. Honeycombed and 
Appreciably Sandy -Limestone. 
Has been used, and is a good 
strong 3rd ^rade building-stone 
when faced with plaster. 

Small pit -quarry (abandoned), 

called K.hctlia Khan. Quarried 
nearly 40 ft. Water-log i?ed 

during monsoon. Well -shaft at 
bottom, now show.s underground 
water-level, 23 ft. from surface. 


It may be remarked, that the above-noted registered specimens 
have been collected in sound pieces of irregular sizes, technically tenned 
' hand-samples \ When, however, minerals and rocks of special interest 
or economic worth are discovered, additional specimens of suitable 
sizes will be collected, trimmed and otherwise manipulated to display 
their intrinsic merits to the best advantage, and deposited along with 
detailed notes for the infonnation and guidance of commercial men, 
contractors and consumers, in exhibition-cases now being designed and 
constructed for their reception. 
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DIGEST OF DIARY. 

July, 1915. 

P ORBAXDAR CiTY including its immediate outskirts, is appa- 
rently built upon a comparatively recent substratum of consolidated 
shell'Sand, partly of a^olian origin, but mainly of the nature of a raised- 
beach. This geological deduction is based upon premises, derived from 
careful observations of exposures along the sea-shore extending from 
the harbour in a south-easterly direction to a little beyond the Palace 
demesne ; and inland, covering the area included betM^een the sub- 
triangular boundaries afforded by the highways from Porbandar to 
Ranawao, to Adatidna, and from thence, via the villages of Kolikhara 
and Khapat, back to the City. The inland evidences of geological 
structure, were gathered by an examination of superficial inequalities, 
the scarps of streams and other water courses, well-shafts and sundiy 
minor excavations. 

It was found that the consolidated shell-sand, constituted by stone 
of both sub-aerial and littoral-marine origin, extends interruptedi\\ — by 
reason of variations in denudation from place to place, — right away to 
the uplands verging upon the great miliolite-limestone series of marine 
deposits ; and that both the sub-recent shell-sand which overlaps the 
older (probably Pleistocene) miliolite and the later, in this region of 
the province, rest upon the fossiliferous limonitic or Gaj limestones of 
Tertiary age. 

Evidence in support of the above-noted observations is to be found, 
by an examination of hand-specimens of the compactly consolidated 
shell-sand, which fringes the shore-line from Porbandar City in a south- 
eastw^ard direction to be exceptionally well demonstrated by the huge 
breakers and lower-l^ang unbroken beds on the coast-line below' tin 
purlieus of the Rand Saheb's Palace. These solid pieces of stone contain 
unmistakable pebbles and angular fragments of Tertiary (Gdj), limonitic- 
limestone with their characteristic fossil remains. 

Again, on the NE. bank of the city-encircling Creek, after crossin'; 
the bridge that spans that conduit, on the Rdnaw'do Road, an excellenr 
exposure is showm displaying rough, rubbly beds of either consolidated 
shell-sand or of broken miliolite, resting directly upon the yellow limonitic - 
limestone of Tertiary age. Skirting the Creek from this part, in a. 
NNW. direction a small stream or iiala, has been eh'ectual in eroding 
the superficial beds, and bending southward reveals at the site of aban- 
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doned chunam-pit‘=i, a remnant of rough miliolitc lying upon rubbly 
and then upon solid beds of fossilifcrous Grlj limestone. The Gdj lime- 
stone, moreover, is again revealed by the E. '-carp of a rivulet, the 
Wanddna Vokala, adjoining the village of Virpur, about 5-J miles east- 
ward of Porbandar on the road to Rdnawao. Before reaching Virpur, 
J.owever, the somewhat doubtful character ot the rubbly surface-stone 
which is seemingh’ co-extensive with the liard siliceo-calcareous shell- 
sand, outcropping by the Ranu Saheb’s Palace and forming a rock-plain 
in continuity with the stone of the entire countryside surrounding tlie 
Rtintiwao Road tow^ards the limits of Virpur, the ground has l;ecn pierced 
by a few well-shafts, and notably by a shallow excavation about one 
mile S5W. of Virpur, which shows the whitish-limestone or shell-sand 
tailing down, to ju^t barely conceal a thick, 4 to 6 feet, stratum of 
brecciated conglomerate with indications of underbirig Guj limestone 
deposits. 

The observations recorded above were duly noted in the writer’-' 
field-book on the 9th of July, 1915, during the traverse from Camp- 
Station I, at Head-quarters, to Camp-Station II, where tents were 
pitched on the SW. outskirts of the town of Ranawdo ; and the 
following samples were secured, registered and packed for future 
investigation in the laboratory : — 


Date. 

Resit 

t«^red 

No. 

0-7-15 . 

7 

5 -7 -1.7 . 

8 

5-7-15 . 

0 

5-7-15. 

10 

5-7-15. 

11 

; 


Provisional Xame. * Loea4ty and Remark^. 


Consolidattnl Sht-U-Sand. Modi- d by rvc;‘ding lidt\ ]ust 
nm-t'‘xtuo‘d, conipact b“lo\v !ii;jh-\vat»T mark, a 

' strcnia .-tone, with tracts oi Caji fviner of bmkon bed.e below 
* Linie'-tout' p(d)i)l(‘s. etc . ; I'a-toin-e Hou-o. Porbandar 

1 I 

‘Sample of Road-Metal boin.^; nsed'Er^ m Contractor's heaps, on the 
j by Ojiitractor- tor Porbandari R ijmahai Pvoad, near the 
I LvOcidway-. ^ Library . Fcjr tevtinji. 

Consohdatiivi Shed -Sand. ( Jf tine, Rase of iP ft. Pit through Dimes 
. texture*. sho^MTVi nu ipimu in-| 150 yd^. from low-tide mark 

j duration, nearly opposite Hospital. 

'Cun^obdated Shrll-Sand. d<e/aed Sub-rt>(*( nt fcuination at low- 
surfaee. enutamine' sin 11- ot watermark. (^jposite Hos- 
! rceent 3fo/Cc>r'f. ' te. . pital. 

iCon-’oiidatc'<l Shell-^aud. Sn oothjAt (‘xtrenu' edge of low-tide in 
' surfaced biaP. was lorniMivi tc urinuation sc^awardt* of No. lO. 

i[uar,-ied ' uperiii. ia]]’, , i 



Narrath^ Report 


V 


1 ate 

t 

1 

Regh-; 
tered j 
No. 1 

Provisional Name. 

Locality and Remarks. 

0-7-15. j 

12 

Consolidated Shell-Sand. Con-, Same ^itt as No. 5. 
taininu fo^siU and fragments | 
of G:ij Limonitic Limestone. ! 

0-7-15. 

t 

i 

j 

i 

j 

13 

Riibbly-Rock formine; bulk of Surface of Roadside a little bc- 
Earthy. Calcareous Couglo- yond the Rana Sake Palace, 
merate of Shell-Sand beds of, Exposed thus almo^t every- 
Sub-recent formation. i where around, and now being 

! used for road-metal. 

1 

(i-7— 15 . i 

i 

1 

14 

Consolidated Shell-Sand. Janged \V. bank of Creek spanned by 
.surface but. in solid beds 1 to Bridge of Rdnawao Road, IV 
2 ft. thick below, overlying 6 to miles NE. of Headquarber-. of 
12 ins. of yellowish limy Con-' Geological Surve 3 % Porbandar. 
glome r-alt* with Gaj frag- 
ment--- 

G-7-15. 

15 

Linmnitic-Linu'stonc. Gaj Group. iSame site as No. 14. 

Onlv 2 ft. exposed underlying 
conglomerate of No. 14. ! 

G-7-15. 

1 

1 

16 

1 

Consolidated Shell -Sand. 2 ft. 
thick, very hard surface beds, 
overlying earthy and limy con- 
glomerate containing Gaj 

lime^itone pebbles and frag- 
ments. 

'NE. bank of Creek, at other end 

1 of Bridge. V ide No. 14. 

G-7-15- 1 

! 

i 

1 

17 ' 

1 

1 

j 

Rubbly. Pink-yellow, hnely-d;i miles NE. of Geological Survey 

textured stone, top surface of| Bungalow. Exposed by scarp 
Gaj Limestone. The surround-j of meandering stream which 

! 


ings arc overlaid bv rough shell-! swerves S. and then E. to scarp 

i 


sand rock or sandy-miliolite. 

of former chunam-pit. 

6-7-15. j 

18 

Highly Fossil if erous, Gaj, 

Limonitic Limestone. 

Immediately underlying No. 17, 
in 1 ft. thick beds. 

9-7-15.1 

1 

! 

! 

i 

1 

1 

19 

Consolidated Shell-Sand, merging 
into Gaj, Limonitic -Limestone, 
Is practically a Rubbly, Earthy, 
Limy, Brecciated Conglome- 
rate. 

4 mile from Bridged -Creek on 
Highway to Ranawao. Is bring 
used for repairing roads. 

9-7-15.! 

20 

Consolidated Shell-Sand (?) Large 
slabs 4 to 12 inches thick. Dips 
at angle of 20^ 30°-35°. 

iPt^ck-Plain. 4 miles from Porban- 
dar. surrounding the Highway 
to Kdnawdo. 

9-7-15. 

21 

Stones from Brecciated Conglo- 
merate, underlying sux^erficial 
bed of Shell-Sand Rock. Exca- 
vated 3-5 feet. 

Same rock-plain as No. 20. The 
\ SheU-Sand tails down here to 
j nil. The Conglomerate is limo- 
1 nitic, probably overlying Gaj. 

9-7-15. 

22 

White-Stone, partly honeycomb- 
ed, Thick bloc^, bedded to 
unknown depth. 

By roadside well-shaft. 5 miles 
from Porbandar on highway to 

1 Ranawao. 



VI 


Economic Geology of Porbandar State 


Date. 

Regis- 

tered 

No. 

Provisional Name. 

Locality and Remarks. 

9-7-15. 

i 

23 

! 

Brecciated-Con;?lorapratc. holdino: 
mainly fragments of Shell - 
Sand from thin layer above, and 
of Gh] Linionitic Li mo'? tone 
from below. 

Exposed by E. scarp of the Wan- 
flana Vokala at Virpnr village 
on S. t?ide of highway 4 miles 
SW. of Raiiawao. 

9-7-15. 

24 

Gaj, Limonitic-Limestone 

Immod lately underlying No. 23. 

0-7-15. 

25 

Sound Roiii£h-t('xtiired Stont‘ 

Out-^kirt". \ mile from tov.n of 
Ranh who on SW. 5?idr. 


Among the strictly so-called economic stones, noted in the foregoing 
list, precedence must unquestionably be accorded to the Consolidated 
Shell-Sand, and especially to those varieties of the texture that are 
available in closely compacted form capable of being extracted m 
large and average-sized blocks for building purposes. Unfortunately 
however, within the limits of the traverse already accomplished, such 
stones are only exposed along the coast ; while, if quarried for inland, 
no bright prospects can be offered in the lace of the fact that even if 
obtainable, pit-quarries on level-land are liable to be water-loggovd, 
and the probable sites are nearly all required for building purposes. 
Other sites may nevertheless be yet discowred ; and, in anticipation 
it may be recorded that the stone is so indurated as to be pohshable ; 
and is so strong and tough that it can be utilised for situations subjected 
to hard wear and tear, especiallv in the vicinitv of the sea-side, — as ^alt 
spray appears to have little or no effect in the weathering and weanng- 
down of the rock-mass. 

Camp-Station IL~Ranawao ; SW. Outskirts. 

THE MORNING of lotli July, 1915, arrangements were made 

for a first visit to the site of the extensive miliolite-limestone 
quarries for which Porbandar State has for many years been so 
famous. A keen outlook was kept in covering the ground from its lower 
levels at the town of R^inawao up to the heights of Adatidna, (where 
the vast series of excavations is situated in the deep south-western 
cradle at the base of the Barda group of hills), in order to ascertain, 
if possible, the true relations of the local geological formations. 
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Ranawdo town stands about So feet above the mean sea-level, 
and from thence there is a gradual rise of the surface to 260 feet at 
Rdnawdo Railway Station. This short traverse of a trifle less than 
2 miles, shows, at Randwao, an exposure of beds of medium textured, 
light buff coloured m il iol it e -limestone ; but, about midway on the road 
to the Station, a small stream is encountered, which reveals, by its 
eroded channel, the undernoted interesting evidence, which may or 
may not go to prove that the raised-beach, cn &cidence, at Porbandar, 
reaches as far inland as this spot. It all depends upon whether the 
surface stone turns out to be a consolidated shell-sand when examined 
under the microscope. It would be premature in this place to enter 
into a detailed explanation of the differences which obtain between 
consolidated shell-sands and true miliolite-limestones ; but it may here 
be stated, to be verified hereafter, that these differences can be unerringly 
demonstrated by a mere glance through thin sections of the respective 
specimens. 

From Ranawao .Station, the quarry- trolly was taken along the 
Railway-biding up an incline from the 260 feet level, up to the quarry- 
sites at about 29b feet above the level of the sea. En routes several 
stoppages were made for the purpose of making field-notes and taking 
samples principally, as follows 

About 100 yards due N. of Ranawao Station, the surface exposure 
is peculiar, in that the beds of stone are tilted or dip at an angle of about 
45^^, while the hncly-tcxtiired stone, with a flaggy tendency, appears 
to be a very ferruginous miliolite of a ruddy-buff colour and liable to be 
much honeycombed and cancellated at places. The unusual dip of the 
beds is doubtless due to false-bedding. 

Nearly one mile from Rdnawdo Station, alongside the Quarry 
Railway-Siding, the rock exposure on a level with the line, presents an 
aspect singularly like to that of a raised-beach, with its jagged-surface 
of consolidated shell-sand. Samples of these stones, were, of course, 
secured for laboratory examination ; while, about a quarter of a mile 
farther forward, the site is reached where an underground cave, called 
Jambuvanti Bhoira (after one of the wives of the mythical Krishna), 
is preserved as a kind of show-place. The cave-entrance is reached 
by a short pathway out of the beaten track and railway-siding, and 
leads down by a semi -spiral staircase, cut through the solid rock, 
for a mean depth of about 20 feet. The subterranean chambers with 
their passages, duly ventilated by a couple of vertical shafts, was, with- 
out doubt, a natural formation, subsequently elaborated by man. Its 
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geological structure shows a series of obliquely laminated beds of coarse, 
sandy, buff-coloured miliolite -limestone of but small commercial value, 
of a total thickness of from 20 to 25 feet, deposited directly upon a fairly 
thick substratum of brown, earthy, ferruginous incoherent sand full 
of glittering particles. The cave itself must have taken origin 
through the accumulation of underground waters and subsequent for- 
mation of a subterranean stream, which effectually ^wept away 
the rubbly layers of stone and also a considerable portion of the 
underlying decomposed sand, the precise nature of which remains 
to be revealed by analysis in the laboratory. 

By far the most valuable asset in economic stone, at this far-famed 
site, comes the series of miliohte-iimestones, in deep deposits along the 
mighty trough at the base of the lofty hills, which form the SW. limitation 
of the Barda group of h\q)abyssal intrusions, now laid bare by denuda- 
tion. The miliolite itself, which like all true sedimentary deposits, 
occurs in great lenticular beds, varies considerably in total thickness 
from place to place, according to the inequalities of the base of the basin 
upon which it was successively deposited. It also naturally varies in 
quality, both vertically and horizontally, and consequently furnishes 
a very wide range of samples, differing from each other in texture, colour, 
and quantitative composition of its clastic units ; so that a correspond- 
ingty large number of grades of merchantable stone is available. 

Arrangements were therefore made with the quarries-clerk, to 
get the several contractors to send sample-blocks, vernacular trade 
names, prices current and general information incidental to the subject 
to the headquarters of the Geological Survey at Porbandar. From 
these specimens and data, it is hoped that a very complete detailed 
commercial, coupled with a scientific report may shortly be forthcoming. 

It may be noted, en passant, that from the meagre coarse deposits 
of miliolite at the 260 feet level of Rdndwdo Station, up to the end of 
the main Railway-siding, which rises to a maximum level of 296 feet 
above datum, there are no less than 72 loading-platforms, and a succes- 
sion of 292 quarries, of which 174 are now in active operation. It may 
also be recorded, that there is a well-shaft, at the commencement of the 
great quarry range, which has been sunk to a depth of about 80 feet, 
through beds of miliolite, down to the water-level underground, which 
has been conserved at that depth by the practically impervious grano- 
phyre below. 

Evidences are not wanting to show that the vast miliolite deposits 
of the Adatidna heights, are sub-marine in origin, and that they must 
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have accumulated during Post-Tertiary times, to leave their limit-mark 
in this locality, at about 300 feet above the level of the sea. Facts 
and figures in corroboration of this statement, will be forthcoming in 
the sequel. 

Flanking the main quarr^^-range from SE. to NW. on its south- 
eastern aspect, there is a lofty ridge of huge hills, rising in altitude from 
765 feet at its south-eastern to 1,077 feet at its north-western end. 
These hills give forth spurs in various directions ; but agree, in being 
supplemented towards their bases b}' more or less parallel eminences 
or nether ridges; and it is to these nether ridges, made easily accessible 
by the great quarry Railu' ay -siding, that extra-special attention is most 
'ix'orthy of being directed. 

Although the high hills themselves would, without doubt, yield an 
almost inexhaustible supply of very useful and valuable building-stone 
in great variety, the capital required for the exploitation of mines and 
quarries, would, at the present juncture, be entirely, ‘‘out of the ques- 
tion.” The nether hills on the contrary, not only lie within a reason- 
able distance of the existing railway-siding, but frequently encroach 
upon the line itself ; and, what is of most importance, are capable of 
yielding practically unlimited supplies of precisely those varieties of 
stone that have for many years past been clamoured for in vain, by 
progressive engineers, architects and builders in India. These desirable 
commodities are comprised by a truly yyiagnificent series of perhaps the 
toughest and strongest of rocks in existeyice, and embrace examples of 
granophyric textures, in variety and value, even superior to the granite- 
porphyries, porphyrites and granophyres of the celebrated Charnwood 
Forest in England, which have long held a premier position in the stone- 
markets of the world by reason of their exceptional strength and 
durability and suitability for dock and harbour construction, embank- 
ments, road-engineering operations, and indeed for ail purposes 
where resistance to both dry and wet attrition and the stress 
incidental to perpetual heavy-traffic, is considered to be a sine qua 
noyi. 

Over and above the pronounced physical properties and manifold 
special applications enumerated above, a few of the granophyres of the 
Ranawao Range,” as it may appropriately be named, justify a claim 
to rayik high in the scale of ornamental stones, and are procurable in 
quantities and sizes to meet all known requirements, from the fashioning 
of polished columns, pedestals and monuments, to the manufacture of 
mantel-shelves, table-tops, clock-cases and the like. 
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Additional information may be gathered from the subjoined list of 
samples collected for laboratory investigations and future reference, 
during the surveys of loth and 13th July, 1915 : — 


Date. 

Regi^- 

t-ered 

Xo. 

Provisional Name. 

Locality and Romark^v. 

10-7-15. 

20 

1 

! 

j 

Consolidated 8holl-,Sand {?). 

Denuded to 0-12 ins. "Cnder- 
lying this is Oiu. to 3 fl. Earthy- 
Con^lomerate. 

Railway Road. RAnawao. 1 mile 
SE. from Station Scarp of 
stream under small bridge. 

10-7-15. 

27 

Coar^'O Mil iolitc -Limestone. In 
beds 2 to S ins, thick, lWo\v the 
overla])pin :5 coinrlomerate. 

Same site as Xo. 26. The eartiiy 
limy eongloimwatc i'- lirnCaUd 
with large fragnumt" ot Wm*'- 
>tonv. 

10-7-15. 

2S 

Ruddy-hud. hard Miliolitc. 

Tilted at of 45°. 

I 

106 yards due X. of U in.iwjio 
Railway-Station. Very ferrugi- 
nou.s. 

10-7-15. 

! 20 

1 

1 

IJai:ged-topp('d '^andy Lime tone. 

1 

i 

Xearly 1 mile XWW. i>y \\\' cd 
Ranawao Railway-Station, by 
>i<h“ of Railway siding to the 
Great Quarrie-, 

10-7-13. 

30 

' 1 

iSand oi Derated Kranophyrte 
j from hut tom of Cave, 25 ft, 

1 from surtfUM', Cave is ealled 

” -lamlmvanti Rhoira," aft{a' 
one cf Krishna's wives. 

1 j- mile-' X\V ot Kanawao Bail- 
way Station. Formeriv o( i iieud 
' lyv an ascetic 

10-7-15. 1 

31 ' 

j 

Sand and Bottom -Stone of Roof 
of X»‘ther Ca.ve, 

Same site a^ Xo. 30. 

10-7-15. 

32 

Top-Beds OI Cave 

Surfaci' '^tonc. Same site Xo 

30. 

10-7-15. 

; 33 

i 

1 Gre y G r a no phy re . M c ‘ d i u m 

I porphtTitic, very tough, but i- 
[ slightly weatheied superti- 

eiaily. 

100 yards E. of Kail-htit“, at 
Xavri Quarry," X^o. 02. at 
about level of lime''Ton(' limit 
on ridge called Klmria !)hui. 

0 

t 

! 

1 

i 34 

; 

iDark-Grcy Sphenditic, Grano-! 
, phyre. Very tough, in suh'-oil 
[ houhlers. slightly weathered. 

1 

Same locality os Xo. 33, but 
fjuite close up to and for .50 yds. 
EXE. of the Railway-siding. 

10-7-15. 

35 

1 Highest -Grade Miliolite. 25 ft. 

; from surface and a little higher 
' up. 

Towa.rds base of Quarry Xo. 50, 
Raniiwao Range. Enormous 

sound blocks are available. 

10-7-15. 

36 

j 

jLight-huff, High-grade Miliolite. ^ 
Second only to Xo, 35. 

Same .site, Xcvri Waii " Quarry, 
but towards surface ot Xo. 35. 

10-7-15. 

37 

1 

IRough-iUUolitc, not used. In- 

1 durated, but firi&ile and buff. 

1 

Ease of Quarry Xo. 50. about 
28 feet from surface. 
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Pate. 

Regis- 

tered 

Xo. 

Provi'>ionaI Name. 

; Locality and Remarks. 

10-7-15. 

3S 

Porpliyrit if Ruddy-Grey Grano- 
pliyre. Large tolerably fresh 
boulders in subsoil. Ought to 
yield handsome Tcry tough 
stonf' if blasted. Ruddy part 
IS [>rohai)lv only snpertuial. ; 

1 

Mohr Chupra Dhar, the nether 
hill of Mohr Chupra Pun gar. 
Porbandar Cement Works ase 
i a long cart-track to this bite. 

' Rudd\ colour probably due to 
"hu -ha king and monsoon :on- 
dition;^. 

K>— 7— 15. 

30 

Pink and Plack-Grey Cbanitoid 
lAenophvre. \ (tv crnam'uital 
•'tone. 

Under Rail-lim^ and EXE. 
adjoining in huge boukh'r" of 
s,ub-."oii, at Quarry No. 158. 

13-7-15. 

-10 

Miliniite-Li'ne''touo. Medium to 
eoar'O grained, licrht-butT. 2 ud 
urade '‘tone for ordinary build- 
in l; block". 

Riinawao -Ranee. Quarry No. 15. 

( ommercially called ‘‘Na-^a- 
kia," m vernacular, by the 
<luaiTymeu and contractors. 

13-7-15. 

41 

MilioUt('-Limo'<tone. Ligr.t-bu(f, 
modiiini, 2 inch slabs. 

Ran iwao Range. Quarry No. 45. 
Slab" are called Chorsi.’’ 

13-7-15. 

42 

Miliolite -Limestone, RiiiT'Crrey. 

Fine — grained, hard, useful 

building-stone. 

i 

Ranawao Range Quarry. 80 - 
ralled '■ Vellow-stone," from 
Quarry No. 157. 


On the i4tli July, IQ15, it was found desirable for their safe pre- 
servation to convey the samples collected to head-quarters at Porbandar 
and at the same time to cover new ground by making a geological re- 
connaissance of the sub-triangular strip of countryside bounded by 
the Rdnawdo to Porbandar high-road on the south, the cart-road from 
Rdndwdo to the \'illage of Adatiana in a north-westward direction, and 
from thence, along the made-road runnmg from Adatiana, via Kolikhara 
and Khapat to tlie Capital City. 

It was noted that the surface deposits of miliolite on the compara- 
tively low-lying plain, — 80 to 100 feet above the sea-level, in proceeding 
from Ranawdo to Adatidna, consists of thin beds and rubbly layers of 
miliolite of very indifferent quality, occasionally developed to a sufficient 
degree to tempt quarrying operations to supply local wants. On appro- 
aching Adatiana to within 500 yards from the SE., a small excavation 
revealed the presence of from 6 to 8 inches of a honeycombed, indurated 
and finely textured miliolite, overlying about 3 feet of very ferruginous 
rubbly and earthly, limy conglomerate; — of both of which samples were 
taken. The made-road from x 4 datidna to Porbandar was under repairs; — 
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the metal ” used being collected haphazard from the surrounding 
plains, of the nature of indurated and sandy limestone, which furnishes 
a good, smooth but fugacious surface. The countryside, with its frequent 
Exposures of more or less of this hardened limestone, is rescued from 
utter sterility by fertile alluvium of a calcareous character indued with 
a proportion of sand and clay, washed down from the neighbouring 
uplands of miliolite and the hills of h^’pabyssal rocks that tower aloft. 

Close by Kolikhara, the nature of the surface varies slightly, as 
ihown by a recently-sunk well-shaft in a field about 500 yards NE. of 
he village, which reveals, from above downwards, from i to 2 feet of 
grey alluvial detritus, covering thin beds of broken, coarse limestone 
which merges into fully ten feet, (the depth of the water-level), of a 
rubbly yellow conglomerate, full of deep red-brown pebbles of probably 
Tertiary limonitic limestone. 

Samples secured during this journey arc as follows : — 


Date. 

Re<iis- 
j teivti 
! Xc>. 

1 

Provisional Xaine 

Locality and Relnark'^. 

U-7-I5. 

1 

4:1 

Goarse, Sandy. Hiid-brown. Hard 
Llm^^^tone. 

j 

b to S ins. >urfaee-stone o\cilvinji 
Xf>. 44. 

1 4— 7-1-5. 

i 

44 

Riibby, (_!al<--areaiis. Earthy Con-i 
Ldomerate. About 5 ft. thick. 

iRoad'^ide, .500 yds, SE. of Ada- 
Liana, underlyinj^ No. 4:5. 

14-7-15. i 

i 45 

R u b b 1 y, V ello w Go n ydo me ra te 

^vith Red-Brown pebbles, j)rr,-! 
bably Gaj, 

ti* 10 ft. below surface. Nt‘\v 
well-shaft in field. .500 yds, N E, 
of Kolikhara. 


The proper bestowal of specimeiib, super \Tsion of the work of the 
mechanic and business duties of the Clerk at the Hazur Office, necessitated 
the stay at head-quarters for two days only ; so that on the morning of 
15th July, 1915, the return journey to Camp-Station II, at Rfinawdo was 
made as expeditiously as possible. 

On 17th July, 1915. an endeavour was made to examine the geolo- 
gical structure of the hitherto untraversed tract of territory lying to the 
immediate N. and NE. of Randwdo, up to the southern flanks of the 
Barda group of hills, but although desirable, on account of the presence 
of cuttings and other exposures on and in the neighbourhood of the 
Railway-line, for about a couple of miles north-eastward from Rdndwdo 
Station, it was found impracticable, by reason of the rough character 
of the country side and the absence of other than agricultural cart-tracks 
to examine, at least, for the time being, the structure of the area of 
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about two square miles, lying approximately to the north of Randwao 
town. 

A few of the N\V. to SE. spurs from the adjacent hills, cut across 
or abut upon the Railway-line, and sometimes outcrop as outliers to 
the south beyond, and these may be presumed to yield easily accessible 
and favourably situated material of economic importance. In the 
meantime, the exceedingly rough cart-tract leading over a surface of 
broken beds of miliolite, from the east side of Ranawao towm, and trend- 
ing NE. towards the Railway-line and thence to the village of Bordi 
or Sultanpur, was followed for about itths miles; to a thickening, in 
ridge-like form, of the hard, sandy, buff-coloured miliolite, which is 
largely quarried intermittently for nearly a mile running from SW. 
to NE., under distinctive native names, the most noteworthy of which 
are the “ Boda Talav Khiin/' and the “ Goani Khan,'’ both of which are 
concerned in supplying strong second and third-grade stone, chiefly in 
building-blocks for local consumption. 

Progressing on foot farther forward, but out of the beaten track 
over fields and rock -wastes, in a NNE. direction towards the Railway 
line, a series of mounds constituted by great boulders, and more or less 
surrounded by thin deposits of miliolite, (thereby giving them the charac- 
ter of outliers), was discovered to disclose the presence of many varieties 
of sound and strong granophyres of economic worth, some of which 
exhibit a basaltoid aspect. Samples of t\’pes of these were taken and 
listed as follows : — 


Pate. 

Reo;!'^- 

tered 

Xo. 

Provisional Name. 

i 

Locality and Remarks. 

17-7-15. 

j 

I 

1 

Coarse, Sandy, Bu^, Hard Milio- 
iite -Limestone, nuieli honey- 
combed alcove; but oomjiact at 
ba'^e. A plronu, useful 2nd to 
3rd grade buildina-stone. 

About l^m. NE. of Ranawao 
called Boda Talav Khan.*’ 

Runs SW. to NE, for a mile 
or so, and then quarry is 
named '“Goani Khan,” 6-15 ft. 
deep. 

17-7-15. 

! i7 

j 

1 

1 

Light Bluc-grc\ Rock. (Inly 
Mipcrhcially weathered. From 
fresh block at bottom ot mound. 

Mound outcrop of Pyke. About 
100 yds. oval-area. 2-2- m. NE. 
ot R;tnawao, Nearly 1 m. S. of 
Railway-line. 

17-7-15. 

1 

Ruddy Blue-Grey Rock. In- 
durated by sun-baking. 

vSame stone as No. 47, but from 
side of top of mounn. 
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Date. 

Regis- 

tered 

No. 

Provisional Name. 

Locality and Remarks. 

17-7-15. 

19 

Light Blue -Grey Rock. Fresh 
sample. 

2| ra. ENE. of RinAwdo Sta- 
tion. 2nd Mound, nearer Rail- 
line. 

17-7-15 

50 

Coarse, Grey Granoph>re with 
yellow-green alteration -pro- 

ducts. In huge denuded surface 
boulders ; but very tough. 

Adjoining NW. base of No. 4ff. 
Is one of many small outlying 
exposure^ in this place south of 
the Raihvay-Uno. 

17_7_15. 

51 

Light-grey Granophyre of fine 
texture, fresh and unaltered. 

Small outlier adjoining No. 50, 
but a little closer to the 
Railway -line. 

1 7-7-15. 

52 

Dark, Dyke Rock. Very wide and 
laterally comx'ressed, .so as to 
be cleaved. Latensed by 

monsoon condition.^. 

Cuts through the Granophyre 
Outliers Nos. 50 and 51, and also 
through the dyke-hillock No. 54. 

17-7-15. 

53 

Cleaved Dyke. Partially altered. 

Same as No. ,52, but taken from 
summit of No. 5^. 

17-7-15. 

bi 

Blue -Grey Granophyre. Fresh, 
and lini‘ to medium. 

'Near Railway-line, 8 m. ENE. 
of RanawAo Station. 

17-7-15. 

5.5 

Pale Bine -Grey C^ranophyre. Sun- 
baked, ruddy in patches at 
surface. Very good, sound 
stone. 

Outlying outcrop of spur from 
' Jerickhia Dungar. About 150 
\ds. S. of Rail-line, and 3 m, 
ENE. of Ranawao Station. 

17-7-15. 

56 

Whitish CiTcy-brown, slightly 
altered fine grained Granophyre, 

Spur of Jerickhia Dungar. Nearly 
opposite No. 55, on N. side of 
Railway-line, 

17-7-15.; 

1 

j 

57 

Light Blue-grey Rock. Ridge 
from NW. to SE, marked 
“Naliadhar State-Jungle- 
Reserve,'* on Map. 

Large, long ridge, about m. 

E. of Ranawao Station, and ^ to 
' 1 m. S. of Railway -line called 

Gurarkhi Dhar.” 


Observations in continuation of those made on the 17th instant 
were completed on the 20th July, 1915, when an excursion from Randw^o 
Camp-Station was taken due ESE., along the made-road for a distance 
of about two miles. It was noted that the countryside on both sides, 
of the highway consists essentially of a broad flat plain of superficial 
rubbly miliolite-limestone overlying a base of earthy and limy con- 
glomerate and barely capable of cultivation in patches. A cart-track 
turning on the left-hand side, led through ploughed fields in a NNE. 
direction for another mile and a-half to the village of Bhod, and a sample 
of the soil showed signs of fertility in being composed of detrital matter 
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mainly calcareous but appreciably mixed with argillaceous matter and 
sandy particles derived from the degradation of hypabyssal rocks. 

At Bhod itself, the superficial miliolite thickens and grows very 
rough and rutty along the cart-tracks and pathless rocky-wastes, so that 
it was a matter of the utmost difficulty to make one's way through the 
thick underscrub of stunted-babuls and the bastard-teak along an 
agricultural cart-way, (mostly over rugged dales and mounds of rough 
miliolite), which terminated abruptly by the side of a small outlying 
hillock of light blue-grey, finely- textured, probably granophyric rock, 
lying within the boundaries of the State Jungle-Reserve known as 
Naliadhar, about 2 miles NNW. of Bhod, and just S. of the great outlier 
called Dudjhara Dungar. 

Proceeding eastward on foot to a spot about 2 miles N. by NNE. 
from Bhod, another isolated outlier trending SE., and surrounded by 
a fringe of rough coarse miliolite, within the region of the Naliddhar 
State Jungle-Reserve, and locally called Naliddhdr-ka-Tobra, is found 
to consist of a mound of huge spheroidal boulders of a tough coarse 
brown -grey granophyre. The undulating southward slopes of this 
and of many of the neighbouring eminences, are liberally strewed with 
angular and sometimes rounded fragments of stone, mostly of the nature 
of gran ophy res, measuring, on an average about six inches across. WTien 
these are examined they are found to consist of tolerably fresh pieces 
of stone, superficially weathered to the depth of only a fraction of an inch* 
The coarser grained and therefore more deeply decomposed of these lumps 
of stone together with the occasional and sometimes frequent fragments 
of miliolite with which they are generally associated, should be rejected 
and only the finer-grained fresh-looking pieces maybe gathered and 
broken to from i to i| inch gauge, to yield an abundance of valuable 
road-metal, at a minimum of cost for labour. 

Many thousands of cart-loads of this ready-made road-metal, so to 
speak, could be collected and conveyed to the Railway-line hard-by 
and entrained for experimental operations to Porbandar, at small cost ; 
but it must be borne in mind, that this material although vastly superior 
in points of durability and suitability for resisting severe attrition and 
crushing, to anything that has hitherto been used, cannot be counted 
on for continuous unlimited supplies ; and must necessarily fall short 
albeit not very far short, of fresh fragments dislocated by blasting. 
Then too, a constant supervision must be exercised to prevent scamped- 
work " and the ignorant collection of decomposed fragments and chunks 
of miliolite, which would, of course, inevitably vitiate results. 
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The specimens gathered for future examination on 20th July, 1915, 
are registered as follows : — 


bate. 

Regia. 

tered 

No. 

Provi^iollal Name, 

I 

j Locality and Remark^. 

20-7-15. 

58 

betrital Soil of Miliolitc and s-ome 
Fels it ic -earth from mountain - 
washings, about 1 to 2 ft. deep 
overlying thin rubbU" miUolite 
and the miUolite -conglomerate 

1 below it- 

! About \ mile W. of Bhod. From 
aralde ground said to be fairlv 
fertile for cereals, but not rpiite 
^o good for cotton, whirh. 
however, aUo grown th<'re- 

a bout‘s. 

20-7-15. 

59 

! 

1 

! 

Liofht. Blue -grey Fine Textured 
Granophyre. Outlier of large 
boulder> bordered by cru>t of 
miliolite. 

State Jungle -Reserve (allied 

Naliddhar," about 2 nnle'! 
NW, of Bhod. and jU'^t S. of 
outlier called budjhara Dunbar. 

20-7-15. 

60 

Variety of 59 

A few yards from No. 59. 

20-7-15.! 

1 

! 

61 

i 

1 

Co arse , B ro w n - gr e y 0 ran o ph y re . 
In huge boulders of outlier 
fringed by beds of rubbiy 
miliolite. 

2 miles N. by NNE. of Blif>d 
called Nalia0har-Ua-Tol)ra ' 


Having thus-far covered the ground eastward of Ranawao as far 
as Bhod, on the southern base, and also north-eastward, below the 
limitation of the Kailway-line and including the nether half of the 
Naliadhar State- Jungle-reserve, it remained to transfer the camp to 
another centre ; and accordingly, on the 21st July, 1915, a final traverse, 
hereinunder noted was made from Randwdo to the village of Bordi ; — 
also called Sultanpur. 

New ground was entered upon after following the north-easterly 
rough cart-track from Randwao Town, towards Bordi, when a spur 
from the Barda Hills, running from N\V. to SE. alongside the cart-road, 
was examined, and found to consist of an excellent, strong and tough, 
medium-textured light, grey-brown granophyre, suitable for being 
blasted to yield large building-blocks, and high-grade wastage for road- 
metalling. The huge spur lies immediately N. of the W. end of the 
Naliadhar State-Jungle-reserve, and less than h mile S. of the 
Railway. 

Proceeding onward to Bcjrdi, the roadway winds through a pass 
between the hills of the hnal southwardly trending large spur from the 
Barda group at this, its louth-eastcrn termination. The hill to the 
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N. of the roadway at the pass, is locally known as Bora Dubba, and its 
base yields an abundance of big, fresh blocks of a pale, blue-grey, finely- 
textured granophyre. On the S. side of the pass, the surface of the 
ground bristles with big bosses of rock which form the base of the same 
spur in semblance of an outlier, at the NW. end of the Naliddhdr State 
Jungle-reserve. These bosses consist of a medium-grained, light brown- 
grey granophyre, which, albeit, crowded with yellowish-green alteration 
products, is very tough and strong. 

Beyond the pass the cart-road to Bordi runs NE. by ENE. close 
by the Railway-line, along what is called the “ Javantara Gara,'' at the 
baseofPiara Dungar (459 ft. above sea-level), with its curious crown 
of free digitoid columns pointing heavenward. The road to Bordi 
diverges slightly southward from the Railway-line to the same village, 
and almost immediately after emerging from the hill-pass on to the plain 
at the base of Piara Dungar and ESE. of Javantara Gara, crosses over 
a gentle rising of the ground, caused by the exposure of the top of a very 
broad d3'Ee which is cut through b}^ the Railwav-line, and takes a course 
from WNW'. b\' \V. to ESE. by E. The rock ot this d3^ke, when slightly 
weathered, presents a mottled appearance, in spots and patches of blue- 
gre3" and 3- ello wish-brown. It is ver3' hard, but somewhat splintery, 
and it is probable that when blasted, the fresh stone will lose its 3’ellow 
brown maculation and present a deep blue-grey ground spotted with 
lighter patches of the same colour. The weathered surface assumes a 
ruddy-3"ellowish-brown hue, sufiicientl3" distinct from the surrounding 
rocks to attract attention and mark the general course of thed\Ee above- 
ground. From observations elsewhere, this rock may be provisionally 
named a Sub-Spherulitic Felsite. It is capable of being highly polished, 
and, especially towards its weathered surface, — mottled blue-grey and 
3'ellowish-brown, furnishes material of a highly ornamental character 
which could advantageousl3^ be utilised by manufacturers of small 
stonewares, such as vases, clock-cases, ink-stands, etc., where very large 
and uniforml3^ marked blocks or slabs are not required. An enormous, 
but scarcely measurable quantity of the material exists at the site indi- 
cated above. 

Onward b3^ the roadside, which swerves north-eastward to Bordi, 
the ground on either side shows outcrops of great upstanding columns 
and boulders — the representatives aboveground of vast granoph3Tic 
subjacent structures, which stretch southward from the Barda Hills, 
and find expression on the south side hy sundry outliers of considerable 
magnitude. From one of these last-named outliers which forms a 

9 
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high-ridge, trending from N\V. to SE. and constituting the central up- 
lands of the Naliddhar State-Jungle- reserve, there stretches a spur of 
boldly upstanding bosses by the roadside ij miles SW. of Bordi village, 
the stone of which consists of a coarsish white-grey granophyre. with 
exceptionally bright yellowish-green alteration-products in abundance ; 
but, in spite of which the rock-mass remains supremely strong and tough 
enough to resist repeated blows, on even its edges, with heavy sledge- 
hammers. Indeed, all of the rocks exposed upon this plain around 
and about the village of Bordi, are of the nature of more or less coarsely- 
textured granophyres of great strength and durability. 

The following is a list of the samples collected during the journey 
from Rdndwdo to Bordi, on 21st July, 1915 : — 

I Regis - 

Date. j tered Provl'-iouul Name. Locality and Remarks, 

I No. 


21-7-15 j 02 jCli'oy-biown.L i g ht - e o I o u r e d Spur from Barda HiiL. 13 ni XE, 
t I medium-textured Granophyre. of Run;iwao on roadside to 

I Sound and strong Building Bordi. Spur runs NVV. to 

] -tone in immense quantity. SE. and lie- ju^t X oi Nalin- 

I dhar Jungle -reserve. 

I 

21-7-15 do 'Pale, Bhie-grev. Fine -textured. Base of hill ealled Bora Dubhn. 

vSound, Fresh Granophyre at road-]>ass to Bordi, 5^ 10. 
In larg'^ Boulders and Columns | X\V. cf Kanuwao. 

21-7-15 dl |Me d i u m to Coarse-textured.iOutlu r, frin',red at haso with 
Ruddy, Brown -grey Cyrano- Rubbly-MilioUte, opposite Xo. 
phyre with yellow -green alter- hj, on its S. side, wit hi a 
ation products. Xahadliar. 

Motthd, Pale Blue-arey andA^ry broad Dyke, low elevation. 
Ruddy Brown-grey, Orna-! run^ XXW by \V. to ESE. 
nieetal. Surface -weathered,' by E., at ba^e oi Piara Dungai 
probably a Spherulitic, (7rano- called Javantara Gara. Is 
phyric-Felsite cut by Railway -line. 

Coar.se Grey Clranophyre in large C)n S of Roadside. 2 miles SW. 
bouider:5, which would \ieid of Bordi, and about one mile 
plenty sound stone if blasted. ESE, of Piara Dungar and 
Is weathiTcd, but tough. Javantdra Gara. 

Coarsish White -grey Granophyre. In huge bosses forming a dyke- 
Very tough but exhibiting spur from high ridge to its S., 
bright yellow' -green alteration- called Dudjhara Dungar and 
patches. Resembles, but R Ghojhara Dungar. IJ miles SW. 
superior to the stone exposed at of Bordi. About J mile S. of the 
Tarsai in Xavinagar State. corf -road. 
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Camp-Station m.— Bordi or Sultanpnr. 

SW, Outskirts by Village. 

A bout 200 yards S. of the village of Bordi, there is a bend of the 
Dhdngawa Vokala, which wends its way south-eastward to join the 
River Minsar about a mile SSE. of Khirasra, The southern incurved 
bank of the stream at this part shows a small but steep scarp revealing 
a thin superficial crust of coarse sandy-miliolite (6 to 12 inches) overlying 
from 3 to 4 feet of rubbly, earthy, calcareous conglomerate, which rests 
upon large broken blocks and boulders of fine to medium-textured whitish^ 
grey granophyre. Both the miliolite and its basement of conglomerate 
are completely denuded away from the northern bank of the stream, 
and the granophyre with its weathered accompaniment of felsitic sand, 
stretches northward to form the foundations of the village and to consti- 
tute an undulating rock-plain, diversified by numerous knolls and 
hillocks, right away up towards the confines of the Barda group of 
hills. These knolls and hillocks as well as the surface of the rock-plain, 
yield quite a variety of granophyres, which when blasted, as they ha\'e 
been, by the neighbouring Railway-line, all agree in being exceedinglv 
tough and strong ; so resistfiil indeed to methods of native labour, that 
the big, dislocated blocks cast aside by the Railway labourers, remain 
to this da^^ untouched and unutilised ; while the comparati\*ely frail, 
soft, easily-broken limestone, much of it brought from far-distant sites, 
is being used as broken-metal between the sleepers of the adjoining 
Railway-line, as well as on the roadways where and while abundant 
durable granophyre abounds ! 

A list of t\^pical samples 'Secured in the immediate neighbourliood of 
Bordi during the 22nd. 23rd and 24th July 1915, is hereinunder appended 
as follows ; — 


pate. 

tered 

No. 

Provisional Name. 

Locality and Remarks. 

22-7-15. 

68 

Whitish-jjrey Granophyre. Fine- 
test ured, very tough, but super- 
ficially weathered and worn. 
Showij protective coat of secon- 
dary matciial in siiu. 

200 yds . S of Bordi Village on N 
bank of Phangawa Vokala, in 
huge exposed boulders which 
also form the foundations of the 
village . 



XX 


Economic Geology of Porbandar State 


1 

tercfi 

No. 

P^ovi!^ional Name. 

Locality and Remarks 

1 

. 2 - 7 -i.D 

69 

Fairly fresli specimens of Grano- 
phyre, variation of No. 68. 

Same site as No. 68. Would repay 
for being blasted. 

22-7-15 

70 

Fc4'-itic-Sand 

Lil>erated by weathering rf No. 
68. 

23-7-15 

71 

'.'“(arse Light-Brown Granophyre 
Weathered hut tough. Appa- 
rently continuous with Nos. 6S 
and 69. 

Forms many small knolls and 
slopes, 500 \ds. and iK^yond 
NNE. or Bordi, loerdly called 
Bordi Dhar-ka-l)hardi. 

23-7-15 

7- 

s^nowy-wLite Granophyre. Ex- 
ceedingly tough ; hut weathers 

1 thinly to ydlowdsh-brown. 

Small Excavation by shle of Ginn- 
ing-factnry. aliout 1 mile NNE. 
of Bordi Worth blasting. 

23-7-15 

i 5 

j' iirious variety of 72. Weathers 
to Smoke-black. 

Adjoining No. 72. Probably 

altered by contatt-metamor- 
lihisiu. 

23-7-15 

i 

1 

L,iterally-Con'ipres7>od Dyke of' 
Granophyre, cleaved into slabs 
about 14 inches thick. 

i , 

Cuts through Nos. 72 and 73. 
The cleaved jointing dLloeates 
the slabs into bri^k-like 

piieccs. 

23-7-15 

!•) j 

i 

t 

.'•7"mple of Limestone broken to, 
gau^e for Railw^ay-line. ■ 

In Porbandar Territory approach- 
ing Sakhpur Station. 

2- -7- 1 5 

7i> 1 

i 

' i 

r.rownhh-grey G r a n o p h y r e . 

< 'oari-e and very tough 

About 200 yauls NE. of Boidi 
Village. Blasted for Railway- 
line. 

24-7-15 ; 

i 

1 

1 

1 

! ! 

‘ 1 

1 

Whitish-browTi Granophyre. 

[ < 'oarse, very tough, and with 

1 l^jrphyntic crystals. 1 

Bla:^ ted forRailw'ay -line ulxuit 400 
yards due north of the Village 
of Bordi, 

1 

24-7-15 1 

1 

I T.S ‘ 

1 1 

'Smface of No. 77 sunbaked to 
j a hrieht-red to depth of 2-4 
inches. 

Same locality as No. 77. Where 
heai'-^ of the blasted material 
lie unutilFed. 


The coarse granophyres revealed by the Railway cuttings north 
of Bordi, extend, superficially exposed all the way southw’ard (SE. by 
SSE.) for about ij miles, to an eminence 441 feet above sea-level called 
Cocachia Dhdr, the west flank of which, sends out a spur of a fine fresh- 
grey, finely-textured microgranitoid granophyre in large, sound-blocks, 
even at the surface, which could be profitably utilised for monumental 
and kindred v ork. The base of this hill bears a thick deposit of coarse 
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sandy miliolite of but little commercial value, which however increases 
rapidly in thickness and improves in quality in a south-westward direction 
for a trifle over a mile, to terminate at the eastern basal cradle of a high- 
hill, (679 feet), called Ghojhara Dungar, where fairly brisk quarrying 
operations are being carried on, through deposits of sound second-grade 
miliolite, varying in depth from 6 to about 25 feet, and locally known 
as Ghojhdra Khdn. 

Somewhat more than -J mile S\V. of Cocachia Dhar, the abo\'e- 
mentioned deposits of miliolite arc pierced by a natural shaft, nearly 
vertical and about 20 feet deep through beds of the solid rock. This 
inlet is rumoured to lead into a cave Ghojhara-ka-Bhoira and 
subterranean passage, which leads to another cave at a very considerable 
distance on the south-eastern side of Cocachia Dluir which is accord- 
ingly named Cocachia-ka-Bhoira. " 

There are no roadways hereabouts ; but an excessively rutty and 
frequentl}^ deficient cart-track over miliolite and through a tangle of 
jungle-growths, eventually leads to open ground about one mile N\V. of 
the small village of Anidli. Approaching to about 600 yards N\V. of 
Aniali, there is a well-shaft, which discloses the geological structure 
of the immediate neighbourhood by showing (from the surface to the 
underground water-level), 2 feet of a mixed calcarco-felsitic soil, covering 
about one foot of slabs of miliolite, and finally, some ten feet of calcareo- 
felsitic subsoil, growing increasingly rich in large fragments of much- 
weathered granophyre of an originally' light-grey colour and coarse 
texture. 

Aniali village is practically built upon a thin shell of coarse, sandy 
miliolite, overlying a deep layer of rubbly conglomerate which eventually 
rests upon a solid base of granophyre. This structure prevails, with 
but slight modifications in the proportionate development of the rock 
textures named above, and continues \\'S\\\ tor fully ij miles to the 
base ot a south-westwardly trending ridge, the terminal hillock of which 
is called Vija Dhfir. 

Vija Dhfir is flanked on the east by an unusual thickening of coarse 
thin-bedded miliolite, but at its westward end, meets the plain below 
with huge boulders and bosses of ruddy pale-grey and pale blue-grey 
granophyres of fine to medium textures, and in an apparently fresh and 
unweathered condition, save for the inevitable thin crust of decay due 
to epigene reactions. 

The samples collected during the abovenoted excursion have been 
dulv registered as follows : — 
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i 

Date . ] 

Regis- 
tered 
' Xo. 

! 

■i ' 

1 Provisional Name. ‘ 

Locality and Remarks. 

i 

26-7-15 

I 

1 

i' 

! T9 

i 

i 

1 Micro granitoid Granophyre . 

j Fresh -grey and finely-textured. 

1 

i 

Spur from W. flank of Cocaehia 
Dhar,.lJ m. SE. by SSE. of 
Bordi. 

26-7^15 

80 

1 1 

|Miliohte-Limestone, Coarse to 

1 Medium-Drained, Hard, Ferru- 
ginous, somewhat Fissile 2nd 
i to 3rd grade stone. 

Little over 4 m. SW. of Cocaehia 
Dhar, near vent of vertical 
20 ft. deep outlet fiom cave 
called “ Ghoihara-ka-Bhoira.” 

i 

26->7-lo 

81 

^Coarse, Light-grey Granophyre. 

1 PartialLy decayed but tough. 

; From subsoil boulders. 

1 ! 

Well -shaft, about 600 yards XW 
of Village of Aniali. From depth 
of 10 feet. 

2th- 7— 15 

82 

Ruddy, Pale -grey, finely to [Base of terminal ridge -hillock, 
medium -textured Granophyre. called Vija Dhdr, limile WSW. 
j Probably parMally « unbaked . 1 of Aniali. 

26-7-15 

83 

1 Bluish -grey Granophyre. Appa- 
! rently quite iresh. 1 

i 1 

A few yards from of No 82. 

26-7-15 

i 

84 

Rubbly, Calcareous Stone, with'Bed of very Shallow Stream on 
[ Red-brown Pebbles, etc.| alluvial Plain of didritu-^, (cal 

Immediately underlying Miin^ earco-fekitic), 1 m. WSW. b\ 

‘ crust of coarse Miliolite. I SW. of Aniali . 


Tents were struck at Bordi, and being no longer required for a 
continuation of this traverse, were duly despatched to Porbandar on 
the morning of 28th July, 1915. 

At 8 a.m. the eastward route was taken toward the boundary of 
the State at Barda Choki. The cart-road after about half-a-mile gave 
place to agricultural tracks which were wearily followed by the edges 
of and across partially ploughed fields, to stony-ground thinly capped 
by coarse rubbly miliolite, until the terminal elevation of a very long, 
low ridge of granophyre was reached about 2J miles, ESE. bv E. from 
the W. end of Bordi. This ridge was traced to rise about if miles NE. 
of Bordi, in Navdnagar territory, and to trend from NNW. to SSE. to 
end in the gentle slope indicated above, which is crossed by the cart- 
track from Bordi to the to^\Tl of Khirasra. The exposed rock, very 
plentifully in evidence hereabouts, consists of a whitish-grey, fine to 
medium-textured granophyre, slightly altered to a dead-white hue 
superficially, — probably of the nature of kaolinisation. The local name 
for the ridge at this end is “ Bhavawari DhjSr'J and it is presumed, from 
sledge-hammer trials, that an abundance of both useful buOding-stone 
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and high-grade road-metalling could be advantageously secured at this 
site by ordinary gun-powder blasting. 

Onward and eastward from this site, the route was taken along the 
well-beaten cart-track to the town of Khirasra. At first, the surround- 
ing countryside appears to be well-cultivated, proclaiming a goodly depth 
of soil ; and this was confirmed by the examination of a well-shaft on 
the roadside a few hundred feet E. of the Bhavawari Dhjir dyke-ridge 
of granophyre. 

Proceeding eastward and then swerving slightly to the south, for 
a distance of il miles over an increasingly miliolitic surface, the south- 
western side of Khirasra is reached by an excessively rutty cart-road 
skirting the west bank of a wide stream channelled through a thick 
deposit of coarse buff miliolite which is casually extracted for local 
wants. This stream in its passage southward to join the River Minsar 
about 4 mile from the town deepens into a picturesque gorge displa}^- 
ing the false-bedding of the deposits to advantage, and showing the stone 
at sundry elevations to contain partially rounded large fragments of 
a previously- formed miliolite. The gorge is eroded steeply on both 
sides to depths of from 15 to 20 feet entirely through beds of very inferior 
mdiolite. 

Taking the beaten cart-road, due S. for about t mile from Khirasra 
mostly over a crust of rough miliolite with scrubby growths of the 
TannePs-Cassia,'' the bed of the Dhangawa Vokala is crossed, on its 
way to join the River Minsar, and the route then bends south-eastward 
to eventually run alongside the River Minsar to an extremely steep 
declivity which leads to the ford across to the village of Walotra. The 
declivity is formed by an artificial cutting, which affords an excellent 
example of the miliolit e-base, displaying gravelly and pebbly false- 
bedded deposits beneath a thick crust of coarse miliolite, and the whole 
lying upon a very deep layer of earthy and calcareous conglomerate, full 
of partially-rounded fragments of previously-formed miliolite and ot 
a goodly proportion of basalt, etc., of bedded-lava origin. 

Walotra Village reposes on a counterpart in structure of the section 
just described and overlooks the broad but shallow bed of the River 
Minsar from its eastern bank. In a direct line E. from Walotra the 
cart-road runs for miles to the village of Dyar or Sihor, and from 
thence at another mile E. by ESE., the track crosses the boundary into 
the State of Junagadh. The geological structure of the irregular quad- 
rangle bounded on the west by the River Minsar from Khirasra on the 
north to Samliwadar Nes at the south, may practically be recorded 
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as a thinning down of the formations noted above to prevail in the neigh- 
bourhood of Walotra. It may, however, be observed that the abundant 
occurrence of pebbles of basalt in the bed of the river, at the Walotra ford, 
denotes the proximity of bedded-lavas of the Deccan-Trap Series. 

Samldwadar Nes, a small milking-station, i- mdes S. of Walotra- 
ford and it- miles N. of the town of Kandorna, is situated at the 
X. apex of a triangular area, the other two curvilinear sides of which 
are formed by the State-boundary bend of the River Minsar, with Kan- 
doma at the S. point of the hypotenuse. This sub-rectangular patch of 
land is deeply overlaid with rich detrital earth, and, as a consequencis 
forms an excellent plantation-ground for a thick growth of babuR 
{Acacia arabica), and intermediate shrubs of the tanner’s cassia (Cassia 
auriciilata) which doubtless add to the revenue of the State, and ought 
to be more widely cultivated on rock-plains and waste-lands a^ recla- 
mation agents, and in fitting the soil for agricultural purposes. Th- 
babul trees in this plantation, being bereft of continuous sea-bree/e-. 
were observed to be losing their tchutri ” — or umbrella habit,— -o 
characteristic of kindred growths in the vicinity of Porbandar City. 

Samples gathered during the journey, and detours, from Bordi 
Village, via Khirasra, Walotra, Dyar and back, and from Walotra-ford 
through Samlawadar Xes to the town of Kandorna. \vcre registered a- 
follows': — 


Date. 

to red 
No. 

Provisional Ninm . 

Locality and Ih mark'^. 

1 

j 

28-7-15 1 

85 j 

WTulish-i^rey GraiiopliMe. inoJi- 
um to line textured, and show- 
ing opaque-white alteration at 
weathered surface ; — kaoUnisa- 
tlon ? 

2' 111 . ESE, by E. from Dordi. 
The cart-track cro^se^ the last 
low ridge of this stone; w^hicbi 
runs from NNW. bv NW., to 
SSE by SE. Galled Bhava- 
wari Dhar. 

28-7-15 

80 

Indurated. Sandy Mdiohte- 

Liinestone. in 5-4 in thick beds, 
broken vertically into bnik^ 
forming 1 ft. 0 in. in total 
thickness, underlying 2 ft 
detrital soil. 

AVell-shaft on loacKide from Bordi 
to Khirasra, 24 miles ESE. by 
E. from Bordi. Abandoned 

sinking of well, at a depth of 
16 ft. from surface. 

1 

i- 

1 

00 

87 

Rubbly-Miliohte from 3 ft thiek 
Coniilomeratc', underlying No. 
86. " 

Same sit(‘ aN No. 86 Fiom 5 ft. 
Ix'lov surface cf ground. 

28-7-15 

88 

Decayed. Yellow Felsitic-Earth. 
derived from Granophyre. 

Same s.t(‘ forming 10 ft. thickness 
1 ni rm dial ely iinderh ing No. 87. 
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Camp-Station IV.— Kandorna. 

Disi) ict-BnngaloiJ, X Outskirts of To'u'u. 

C a:\ip-work was commenced from the well-appointed District 
Bungalow at Kandorna on the morning of 29th July, 1915, when 
the following observations were recorded in the field-book. ' 

The town of Kandorna, favourably situated on an eminence of 
gently-sloping ground, is built upon the west-bank of the River Minsar ; 
and sundry excavations on the northern outskirts reveal the geological 
structure of its foundations and surroundings. 

Half-a-milc almost due E. of the centre of the town of Kandorna, 
there is a small hill of quite a difterent character from those already 
observed ; inasmuch as its truncated conical contour, known as the 
“ hog-backed type, — in contradistinction to the rugged peaks peculiar 
to hills of hypab^’ssal or plutonic origin — proclaims it to belong to the 
bedded-Iava formation'^ of volcanic origin, which constitute bv far 
the major part of the province of Kathidwar. The hill, called Dhanak 
Dhdr, stands 137 feet above the level of the sea, and its south-western 
flank slopes gently down to the made-road at its base, at a distance of 
slightly over i mile SE. of the District Bungalow on the other side of 
the River Minsar. Upon this slope, a small pit has been blasted, and 
from this site, fresh samples of stone were readily secured, and found 
to be composed of a slightly splmtery, densely- textured, pale blue- 
black Basalt, which breaks with a conchoidal fracture, and is jointed 
vertically into large transversely-cracked columns, with Init slight traces 
of spheroidal shrinkages. 

Dhanak Dhar Basalt admits of being quite easilv broken to gauge 
into an angular shingle suitable for road-metal, and ought to be much 
superior to the sandy-miholite and consolidated shell-sand now almost 
universally employed for macadamising the made-roads of Porbandar 
State. Its life as such, so to speak, cannot, of course, for a moment 
be put on a par with that of the granophyres ; but may be reckoned, 
rouehlv. to more than treblv outlast that of the miliohtes and kindred 
calcareo-arenaceous materials, in so far as resistance to attrition or 
crushing force is concerned. 

From Dhanak Dhar, the made-road in a SE. direction was taken 
for about one mile ; and observ ations of the surrounding countryside 
E. and NE. to the State-boundary line showed a uniformly fertile region 
of fairly deep-soiled arable land, largely calcareous, but tempered with 
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argillaceous matter derived from decayed volcanic rock from below, 
and sandy-particles of drifted detritus from the hypabyssal heights 
of the ridges and spurs of granophyres above. This kind of soil, more- 
over, was found to prevail southward as far as the village of Khijdar 
on the E. bank of the River Minsar, 2 miles SSE. of Kandoma. 

From Khijdar the cart-track, deficient at places, was followed 
practically alongside of the E. bank of the River Minsar, in a northward 
direction, to the ford across the river, opposite the north end of Kandorna. 
A good view of the scarped western- bank of the river is thus obtained, 
displaying the geological structure of the ground upon which Kandorna 
is built, in almost diagrammatic fashion ; while it may be also noticed, 
that the eastern bank of the river has been denuded of most of its miliolite 
beds, laying bare a surface composed of conglomerate. This conglo- 
merate, on approaching Dhanak Dhar is covered by a gradually thicken- 
ing shell of undenuded miliolite, which encroaches upon the base and is 
marked by its line of limitation on the hill-side slope itself. 

On the morning of 30th July, 1915, the samples gathered during 
the preceding day were packed and registered, thus 


Provisional Namo. Locality and Remarks. 


I 

29-7-15 ! 89 I False -bedded. Pebbly and Gra- kShallow pits. North side of 

' velly. Surface Miliolite. Kandorna Town. 

! 1 

29-7-15 I 90 |Hard, Sandy, Compact Beds nf Immediately underiyinc: No. 80 
, ! Usable Miliolite. 

! i 

29-7-15 ; 01 |Compact Pale Blue-black Basalt.. Dhanak Dhar, bla^stcd pit on S, 

! I slope of Kill. 


Regis-' 
Dale. ' tered 1 
' No. i 


Kandorna District Bungalow was v'acated at 8 a.m., and the tra- 
verse brought to a close by a return journey, along the highway, from 
the gate of the Bungalow, “ Westward Ho !,” to Porbandar head- 
quarters, via Wadwala, and after a brief halt at Ranawdo. 

It may be mentioned, en passant, that the made-road from Kan- 
dorna and beyond, right up to Rdnawdo and from thence to Porbandar is 
now under repairs. The metal '' being used is almost exclusively of the 
nature of either consolidated Shell-Sand or Sandy, Coarse and Rubbly- 



.Narrative Report 


XXVll 


Miliolite ; save where, as in the immediate vicinity of Dhanak Dhar, 
advantage has been taken of the presence of an abundance of angular 
basaltic shingle, naturally detached by weathering and drifted down 
upon the hill slopes adjoining the roadw'ay. This drifted material 
when examined, wus found, for the most part, to be much decomposed 
and unfit for highway macadamising ; although doubtless quite as strong 
and durable as the coarse sandy miliolite, along with which cartloads 
appear to have been alternately and indiscriminately dumped down 
and spread upon the roadway. 

The obvious remedy, in this particular instance, wnuld be to insist 
upon the contractor making use of the enormous supply of perfectly 
sound basalt, from the site of the small pit already alluded to as existing 
on the southern slopes of Dhanak Dhir hard by, and to thereby more 
than treble “ the life of the highway at a minimum of extra expense 
for blasting and stone-breaking. From the contractor’s view point, 
however, it would never do to endeavour to save expenses, especially 
as by so doing, at least two-thirds of his occupation would be gone. 
The same remarks, to an enhanced degree, may be made to apply to the 
utilisation of the ubiquitous granophyres of the Barda Group of hills 
and their respective outliers. 

Wayside notes, culled from the pages of the field-book, show that the 
geological structure of the countryside, with its broad and fertile fields on 
either side of the highw^ay, is fairly constant, all the way from Kandorna 
to within a stone’s-throw^ of Wadw;5la. This may be summed up, by 
stating that, allowing for insignificant variations, the exposures, eroded 
stream channels, well-shafts and sundry excavations reveal a fairly 
deep (2 to 4 feet) layer of detrital soil, overlying a more or less thin and 
crumbly crust of rubbly miliolite, which, in its turn rests upon a base 
of limy, pebbly and gravelly conglomerate, of sometimes considerable 
thickness. 

None of the exposures reach dowm to below the level of the con- 
glomerate, so that it is impossible to note the nature of the underl3’ing 
formations by direct observation. Nevertheless a shrewd guess, may be 
made in this connection, from the frequency with which foreign frag- 
ments of certain stones occur imbedded in the conglomerate. Time 
it may readity be inferred that the conglomerate at Kandorna rests 
upon a foundation of Basalt ; while that to the South of Anidli may or 
may not lie upon a base of granophyre ; and it is just possible, that as 
soon as microscopical determinations are made, that some of these 
deposits, as well as the conglomerates in the neighbourhood of ^^'ad^vala 
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and onwards to Rnnawao and Porbandar, will be proved to rest upon 
Tertiary Strata of Gaj, Limonitic-Limestonc. 

Under the bridge near by the XE. end of Wadwala, there is a note- 
worthy variation in the disposition of the sub-superficial layer of lime- 
stone. The ground above it has been swept away at places ; while a 
deep trench, extending for about lOO yards southward, has been dug 
for the excavation of “ road-metal.” The beds of limestone immediately 
below the bridge assume by ^ea^on ol weathering, a shaly appearance ; 
in slabs varving from the traction of an inch to >everal inches in thick- 
ness. Farther, (about loo yards) south, these slabs increase in thickness 
to the extent of from i to 2 feet or even more, and it is from these bulkier 
pieces, (which, in common with the thin shaly bits, consist of coarse- 
grained. sandy, gravelly and highly-ferruginous limestone), that the 
“ road-metal ” is taken. The limestone rests upon a pebbly, sandy, 
and very limy conglomerate, which has been excavated to a present 
depth of 5 to 8 feet, to yield road-dressing material. 

Proceeding WNW. along the highway from W'adwala, the fields 
on both sides are seen to be thickly strewed by the thin shaly slab> of 
sandy-limestone for a distance of about two miles, to the west side of 
the Police Choki, here noted as a landmark, where the broken crust of 
limestone vanishes and the underlying conglomerate-base tails down 
at the surface, to a diverticulum from the swamps of the great Salt Marsh 
which stretches to the south at a distance of a trifle over two miles SW. 
from the Police Choki. Beyond this arm from the body of the great 
marsh, the westward lands show varying outcrops of sandy-limestone 
and shell -sand ; — details concerning which have already been recorded. 

The following samples were duly added to the register of rocks : — 

Regib - 

Date. tered ■ Pi()\ i^ional Name Lo<.aiitv and Remarks, 

No. 


30-7-1.5 


92 Shaknd Limebtone 


. . below Bridge, just E. of Wadwala 


30-7-1.5 93 

30-7-15 , 94 


30-7-15 


95 


Earthy. Calcareous Con glome- Underlying No. 92. 

' ratt. . 

i Marly Ferriginous, Oravelly Replacing shaloid beds 100 ydb. 
1 Limestone, in thick slaU, S. of No. 92. 

I Large, partially-rounded bit of Shaft of 25 ft. deep nev well on 8. 
I former Miliolite in Earthy, side of road, opposite 13-m. 
Limy Conglomerate. Milestone from Porbandar. 
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DIGEST OF DIARY. 

Au^rust, 1915. 

C AUSE FOR SUPPLEMENTARY FIELD-WORK, in connection with the 
results of the first traverse above recorded, was occasioned 
on the 15th and i6th days of the current month as follows : — 

In compliance with an Order from the Administrator, that the 
Director of the Geological Survey should consult with and assist the 
State Engineer, in the construction of a highway from the town of 
Rdndwdo to the mountain-retreat of Khambala. the Director, accom- 
panied by the Assistant Engineer, proceeded by the 11-20 a.m. train 
from Porbanclar on Sunday, the 15th instant, to Randwdo. From the 
town of Ranawao, the cart-track to Bordi was followed as far as the 
pass between the hills already noted * 

This journey was projected for the purpose of pointing out the 
sites of suitable material for metalling the highway, situated within 
easy distance of the proposed line of route from Randwdo to Khambala ; 
and detailed explanations of the Director's views concerning the choice 
or rejection of available materials, coupled with field demonstration> 
on the spot, together with suggestions on the construction of an ideallv 
perfect and permanent highway were afforded from time to time during 
the journey. 

Within the limited time at disposal, detours were made to a small 
outlying mound of finely-textured blue-grey granophyre, and to its 
reappearing outcrop by the side of the roadway, bounding the north- 
westward confines of the Naliadhar State Jungle-reserve. It was pointed 
out that this stone, by reason of its texture and mineral constitution 
is not prone to weather deeply, and that its spheroidal shrinkage-nuclei 
are scarcely affected at all, even under conditions of prolonged exposure 
to epigene reactions. Hence, it was recommended, that the fresh 
boulder-like blocks which lie exposed in great abundance, should be 
broken to gauge and utilised for metalling one definite section of the 
proposed highway. The stone in question has been registered in the 
collection as No. 59 

Registered No. 62, provisionally called a grey-brown, light-coloured, 
medium-textured granophyre, from the hill-spur, running from NW. 
to SE. alongside the cart-track, about 3 miles NE. of Rfindwdo en route 
to Bordi, was next examined and pronounced to be superior to the first 


Ut s'uj^/app. xM, xvii. 
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sample for resisting attrition and severe stress. It was pointed out 
that practically inexhaustible quantities of material are here available 
by the side of, and indeed, also underlying the line of proposed roadway 
at this part ; but that blasting operations would be desirable to procure 
the material at its freshest and best. Attention was also called to the 
fact that the exposed upper portions of the rock, have been sunbaked 
to a ruddy hue for several inches internally, but that the effect of thi^- 
has been beneficial rather than otherwise, in intensifying the hardness 
of an already tough and strong texture. Sundry specks and patches 
of a greasy lustre and rusty-greenish alteration products also occur, 
and probably affect the cores of the felspar units of the rock-mass only, 
without in any way affecting its total strength and durability. 

As affording a contrast, worth noting in the discrimination of 
granophyric rocks for economic purposes, the Assistant Engineer 
was next led to the eastern side of the pass through which the cart-track 
wends its way to Bordi. The rock registered, as No. 63, and designated 
pro tern., as a “pale blue-grey, fine-textured, sound, fre^h granophyre, 
forming the base of the hill or spur-ridge called Bora Dubba, miie^ 
NW. of Rdndwdo, was found, when cn masse, to break with difficulty 
under the sledge-hammer thereby conveying a false hrst impression 
of its utility for road-making purposes. When, however, detached 
large fragments were subjected to further crushing they were found to 
fracture irregularly into both splintery and small polygonal piecc^^, 
thereby proclaiming their unsuitability^ for road-metalling. There can 
be but little doubt that the rock-mass although intensely hard, is parti- 
ally felsitic or crypto-crystalline in intimate structure, and this presump- 
tion would, of course, instantly account for its behaviour under con- 
ditions of repeated blows or continuous stress, such a-^ obtains on 
hea\^y trathc roadways. 

By^ way of contrast to the above, and in proof of the fact that pra('- 
tically the same molten magma, when solidified under other conditions 
is manifested by textures of widely different physical properties, the 
continuation of the ridge on the other side of the pass was next examined 
and found, to consist of a medium to coarsely-textured, ruddy, brown 
grev granophyre, with yellow-green alteration products, occurring in 
exposure as large spheroidal boulders, in aggregate ; to form an outlier 
fringed with rubbly miliolite, but distinctly traceable to the spur of the 
adjoining ridge-hillock, within the boundaries of the Naliadhar State 
Jungle-reserve. This rock is extremely tough and strong, and although 
superficially weathered, would yield, when blasted, ample supplies 
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of excellent, durable road-metal for the local continuation of the high- 
way which is to run practical!}^ by the side of the site. 

Samples of all the abovementioned stones, were trimmed on the 
spot and handed to the Assistant Engineer for future guidance in the 
selection of suitable materials, and precautions were taken to carefully 
point out exactly what portions of the rock-mass should be rejected 
when dealing with exposed material, and especially with reference to 
the mixed drift '' which is frequently so plentifully strewed upon the 
slopes of the hill-sides and minor elevations. 

Opportunity was taken on the i6th August, 1915, to fill in the gap 
indicated on page xii of this report, by covering the hitherto un- 
traversed area lying for about a couple of square miles eastward of a 
base-line from the town of Randwao to Randwao Railway Station. 
With coolies to carry samples, the whole of the area was traversed on 
foot, and found to be constituted at the surface, between Rdnawao 
and the Railway-line and continuously to the east, b}^ a rock-plain of 
alternating outcrops of rubbly beds of solid but inferior miliolite, 
diversified towards the Railway-line by thick ridges of inferior 
miliolite. 

North of the Railway-line, the ground rises markedly to form a 
long ridge or nether hill, called Bhatwari Dhdr, the summit at its highest 
elevation being 260 feet above the sea lev^el. This ridge runs from SW. 
to NE. for nearly one mile eastward of Ranawdo Station, and is composed 
of a dark blue-black basaltoid rock, exposed in large spheroidal boulders, 
which, when broken,show the material to be quite fresh under a thin uel- 
licle of deep-red, probabl}^ haematitic weathered matter. When the rock 
is manipulated, however, it is prone to unexpectedly snap sub-rectan- 
gularly, so that it cannot be recommended for building-blocks nor yet 
even for paving setts ; but the tough shingle into which it can thus be 
easily reduced might nevertheless serve admirably for road-metal, as 
it is not by any means fissile, but breaks into hard cuboidal fragments, 
to the regulation gauge of from i to i| inches. At all events, the stone 
is worthy of a trial, as very much superior to the sandy miliolite or 
shell-sand rubble, now so much in v^ogue ; and, on account of its abundant 
development at a specially favourable site for being continuously quarried 
and conveyed to centres of consumption and distribution by the adjacent 
Railroad. 

Bhatwari Dhar, at its base, supports a considerable deposit of 
miliolite, which, when superficially examined, appears to be of good 
merchantable quality. Trials pits on the hillside, however, have shown 
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that sound building-blocks cannot be secured in sufficient quantity to 
justify quarrying, as the good material is much too frequently inter- 
laminated with inferior or loosely coherent layers. 

Coming down once more to the level of the Railway-line, good expo- 
sures to show the geological structure of the ground are afforded by the 
cuttings which commence at about i mile ENE. of Randwao Station. 

These exposures are particularly interesting, by reason of dis- 
playing to advantage the phenomena of columnar jointing coupled with 
spheroidal shrinkages so prevalent among the hypabyssal rocks of the 
Barda group of hills. 

Continuing along the Railway-line in its north-easterl}' direction, 
the line itself emerges from the cutting to the natural surface of the 
ground, and, at places, above it ; to subsequently pass through rising 
ground formed by the tailing down of a spur from the northward heights 
at a distance of about 2| miles ENE. by NE. from Rdnawao Station. 
This spot also marks the ENE. termination of Bhatwari Dh^ir while the 
lofty peak by Khara Vira looms clear in the distance due N. The 
southward trending hill-spur, which is encountered by the railroad, is 
bounded on the E. by a mountain runnel, called Dorivav, which is said 
to come all the way from Khambala ; and, on its immediate W., by an 
obscure dyke of comparatively small dimensions, which has been revealed 
by a ditch-like excavation on the north side adjoining the Railway-line. 
Upon examination, this accessory d} ke appears to have been intruded 
under conditions of sufficient lateral compression to render the rock- 
mass liable to split at parts into slabs ; but towards its central portions 
these slabs become so thick (one to two feet or more) as to be no longer 
recognisable as such. The stone of this dyke consists of a light blue- 
grey granulitoid granoph}^ in a tolerably fresh condition ; albeit its 
lateral portions are prone to be sub-fissile. 

It subsequently transpired, that the writer was told by one of the 
road surveyors, that it was to this very site that the State Engineer, 
took Mr. Measham Lea, the Chief Engineer of Karachi Municipality, 
in quest of stone suitable for heavy-traffic road-metalling; but that the 
stone was rejected because of its apparent tendency to split. It is clear 
that this misapprehension must have arisen from a cursory examination 
of only a part of the lateral edges of the dyke, which by reason of intense 
pressure, (dynamic metamorphism), had undergone a kind of pseudo- 
cleavage. The central portion of the same dyke, if carefully scrutinised- 
would have been found free from such defects ; and it may be presumed. 
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that it was from that source that a limited quantity of material was 
formerly extracted and used for making the strong steps to the Ma- 
dressa Library and School Buildings opposite to the Porbandar State 
Secretariat. 

Had the exploring party abovementioned taken the trouble to 
walk about twenty yards or so farther, to the high pile of huge 
spheroidal boulders, which cap the base of the southward trending spur 
adjoining and cut through by the Railway-line, they would have 
been amply rewarded by the discovery of an admirable quarry-site for 
just the very kind of stone they were looking for ; namely, a particu- 
larly tough and strong, medium-grained light brown-grey granophyre, 
samples of which were collected and registered as No. loi. 

Additions to the general collection are as follows : — 


Date. 

Regis- 

tered 

No. 

Pro V i 0 n al Name. 

Localic}" and Remarks. 

16-S-15 

96 

G rano phyric F el site . Light -grey 
with dark-grey spots, (spheru- 
lites ?). Resembles No. .“U. 

Railway-cutting nearly i m. 
ENE. of Ranawao Station. 
From cure of spheroid of 
column. 

lO-S-15 

97 

Miliolitc -Limestone. White, but 
prone to vary into rusty and 
inferior coarse laminae. 

Half-way up side of Bhatwari 
Dhar, N. of No. 96, near to the 
limestone limit. 

16-8-15 

; 98 

Dark Blue-black Fclsitio Rock in 
large spheroidal boulders. 

Fresh and ver\" thinly weather- 
ed, but ayit to fracture siib- 
rectangularly in unexpected 
directions, when manipulated. 

Summit of Bhatwari Dhar, a long 
; nether-ridge at base ot Bhat- 
wari Dungar. Runs SW. to 
NE. for nearly 1 m. eastward 
oi Ranawao Station. Weather- 
ed surface -pellicle is haematitic. 

16-8-15 

99 

Rubbly Miliolitc full of Brccciated 
Inclusions. 

About 1 m. ENE. of Ranawao 
Station : — Railway-cutting. 

16-8-15 

100 

Light Blue -grey Granophyre 

Dyke slightly excavated. Cle- 
aved at edges only. 

N. side of Railwav-cuttinc, about 
2 } m. ENE by NE. of Rand 
wao Station. 

16-8-15 

101 

1 

L ight B ro wn -g re \ ( ;! ra no ph y re . 
Medium textured. slightlv 

sunbaked, and with irrccnish 
alteration products. Tough 

rock. 

In huge spheroidal boulders oi 
spur from Khara Vira Dungar 
Adjoining N, side of Rail-road 
m. ENE. by NE. o. 
Randwao Station 


With the exception of the field-work recorded above, the whole 
of the remaining days of the month were very fully utilised by work 
in the office ; designing and supervising fitting and furnishing for the 
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workshop and laboratory by the mechanic ; and preparing material for 
both workshop and laboratory operations, pending the arrival of instru- 
ments and accessories from England. 


DIGEST OF DIARY. 

September, 1915. 

EXCEPTION of a few excursions, details of which 
^ ^ will be recorded in the sequel, the whole of the month of 
September 1915 was passed at headquarters in Porbandar for 
the purpose of completing workshop and laboratory arrangements 
preparatory to the detailed examination of the large collection of 
specimens secured during the first traverse through the State. 

On Monday, the 6th September 1915, the Director accompanied 
by his Assistant, proceeded in his curricle, along with the contractor 
Hajji Esmail, Haji Dada, to Randwao, with tlie two-fold object of 
indicating suitable quarry sites to the contractor for the extraction 
of high-grade granophyres for the supply of Karachi Municipality, and 
to cover the same ground with the State Chief Engineer and Assistant 
Engineer, in quest of road-metalling material adapted for trials on heavy- 
traffic highways. 

A halt was called at the E. end of the bridge spanning the Creek, 
on the Rjinawdo Road about 2-J miles eastward in a direct line from the 
centre of Porbandar City, for the purpose of securing a photograph of 
the site, where a small exposure, shows a thin deposit of coarse miliolite, 
overlying Tertiary beds, just barely shown at the surface. The spot 
marked by a group of “ Tchutri or Umbrella Babul trees, (Acacia 
lanifrons), said to be peculiar to Porbandar. 

Ranilwao Station was reached after a drive of about an hour-and-a- 
half at 10-30 a.m., and the sunlight being favourable, a walk was taken 
for about i mile ENE. along the Railway-line, and a couple of excellent 
photographs were taken of the cutting on the N. side of the line, to show 
the characteristic spheroidal-shrinkage structure of the hypabyssal 
tivke-rcck, there artificially exposed, at ii-jo a.m. 

On return to Ran^wao Station, in time for the train from Porbandar, 
the Chief Engineer and party were met and accompanied on the Quarry- 
Siding trolly to the heights of Adatiana, stopping, by the way, to visit 
the cave, — “ Jambuvanti Bhoira.” A cursory exammation of some 
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of the granophyric rocks adjoining the Railway Siding was made, but 
adjourned, as the time at the disposal of the Chief Engineer did not 
permit further investigation. 

Notes to indicate exact sites suitable for quarrying typical grano- 
phyres adapted for road-making operations were provided, with in- 
structions to the Clerk of the Geological Survey, to accompany the 
Hajji Esmail to the A datidna Heights and to bring back samples of 
stone for comparison with those previously registered. This was done 
on the yth instant, and the samples brought back were found to cor- 
respond with those in the registered collection. 

On the 8th instant, an excursion was made under the guidance of 
Mr. Jaikrishna Ixdraji (the talented author of a comprehensive 
work, in Guzerati, on the “ Flora of Barda Mountain ”), to the Dwar- 
kadish Gardens, in the Bokhira Village limits, about one mile nearly 
due N. of Porbandar City, with the two-fold object of taking botanical 
specimens and making notes on the geological structures exposed by a 
recently sunk large well-shaft on the immediate N. side of the gardens. 
In the well-cultivated garden-grounds, Mr. Jaikrishna drew attention 
to a finely developed tree in full fruit, which is said to be the only one 
of its kind in Kdthiiwar, and the plant was identified by the Curator 
of the Herbarium, (C. C. C alder. Esq., m.a.), at the Royal Botanic 
Garden, Sibpur, Calcutta, as a fine specimen of Diospyros discolor. 

During subsequent conversations with Mr. Jaikrishna on the 
geological influence of plants in their direct bearing upon conserving, 
improving and reclaiming land, it occurred to the wTiter, that much 
valuable work, affiliated to the geological survey of the State, might 
be done with the co-operation of Mr. Jaikrishna, in supplementing the 
collection of economic stones with specimens and informatory notes 
on the flora of the country-side. 

Mr. Jaikrishna next led the \vay to the site of the recently sunk 
large oblong well-shaft on the N. outskirts of the Dwarkadish Gardens, 
which proved to be exceptionally interesting as throwing additional 
light on the geological structure of the superficial sedimentary deposits 
of Porbandar. It was found on this, and on a second visit to the site on 
the 15th instant, that the w’ell-shaft, now holding about 10 feet of clear 
and passably potable water, had been sunk to a total depth of 26 feet 
from the rocky surface; — the land, at this part, being also about 26 feet 
above the level of the sea. The upper portion of the shaft had unfor- 
tunately been obscured by a lining of stone, but it \vas found that the 
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surface, practically soilless, was composed of deep beds of russet-coloured, 
indurated and somewhat honeycombed limestone. At a depth of 
about 14 to i6 feet, a band of from 2 to 3 feet in thickness of compact, 
yellow, limonitic-limestone could clearly be discerned ; while below that 
were observed, beds of rubbly conglomerate, which probably extend 
down to the bottom of the well. From the heaps of excavated debris, 
it was easy to select samples of the compact yellow stone, which was 
identified as a Miocene fluvio-marine deposit essentially similar to the 
variety of Gaj limonitic-limestone, named “ Pinddraiite while the 
upper strata of the underlying rubbly conglomerate, was found to be 
rich in characteristic Miocene fossil remains. 

To unravTl the true nature of the beds, (intervening between the 
surface limestone and the Gaj limestones and conglomerates), hidden 
by the well-shaft lining, the country-side was searched for other artificial 
or natural exposures ; and, fortunately, on the 15th inst., a particularly 
well-defined scarp was found flanking the north side of a fosse at the 
north end of the Victoria Jubilee Bridge, Porbandar, or only about 
350 yards to the south of the new well-shaft. This exposure showed 
about I to 2 feet of honeycombed miliolite, overlying from 4 to 5 feet 
of compact beds of Consolidated Shell-Sand referable to the Dwdrka 
or Post-Pliocene Beds ; v^hile the base of the cliflet was constituted 
by a limy conglomerate full of fragments of Gfij limonitic-lime- 
stone. 


DIGEST OF DIARY. 

October, 1915. 


T|URI^Xr the month of September, which was passed at head- 
quarters, sundry local samples were added to the collection of 
geological specimens, as follows : — 


Date. 

: Regis -j 

tetvd 1 ProvisiOJial Name 

No. ! 

1 

1 

Locality and Remarks, 

i 

1 

102 

Deep-Ruddy, Sandy and In- 
durated Lirno&touc. 

About m. nearly due N. of 

Geol. Surv. Bungalow. Surface 
of ground. 
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Date. 

Regis- 

tered 

No. 

Provisional Name. 

Locality and Remarks. 

8^9~15 

103 

Gdj or Limonitic-Limestonc, 
Kndaralite -type . 

A few feet below 102, from new 
well-shaft, just by Bokhira 
limit. 

8-9-15 

104 

Fossiliferous Conglomerate 

Underlying 103. 

1.5-D-15 

105 

Much -Cancellated Coarse Mdio- 
lite -Limestone. 

S. side of Fosse. Surface of 3 ft. 
scarp-cutting, at N. end of the 
Victoria Jubilee Bridge, Por- 
bandar. 

15-9-15 

1 106 

Denuded Top of Honeycombed 
Miliolite, — 1 to 2 ft. thick. j 

N. side 01 Fosse. Top of 6 ft 
scarp. Same locality as 105. 

15-9-15 

107 

Indurated Shelly-Limestone. 

Probably Dwarka-Beds Group. 

Immediately underlying 106. 

15-9-15 

108 

Indurated Sbclly-Limestone with 
Brec dated Gaj Fragments. 

4 to 5 ft. of Beds underlying 107. 

i 


The deep-ruddy limestone, No. 102, is only superficially developed 
and prone to be much too cancellated at places and to vary considerably 
even within restricted areas. Fairly large blocks of the material may 
however be secured and turned to good account by being carved into 
ornamental articles such as vases, clock-cases, etc.; but a constant supply 
cannot be depended upon. 

Underlying this limestone, there is a considerable depth of rubbly 
conglomerate, with concretionary nodules, and the renmants of con- 
solidated shell-sands of the Dwdrka group of beds, which latter are 
better developed and exposed by the scarped cutting at the N. end of 
the Victoria Jubilee Bridge, Nos. 107 and 108. These stones, the coun- 
terparts of which reappear along the coast-line from the custom-house 
to beyond the Palace at Porbandar, are very much harder and more 
durable than the overlying miliolite, and capable of yielding valuable 
building blocks and sounder wastage for road-metalling than the rubbly- 
limestone now being used. At the sites indicated, however, the ground 
is not only unsuitable for being quarried, by reason of its low-lying and 
practically undrainable position ; but is not available on account of 
being wanted for budding and other purposes. Nevertheless, it is 
more than probable that other more favourably situated sites for the 
extraction of this excellent building stone may yet be brought to light. 
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Deeper down,— below the Dwdrka beds of consolidated shelhsand, — 
No. 103, demonstrates the presence of a bed of from one to three feet 
thick of a finely-textured, yellow limonitic -limestone of the Ga], or 
Miocene deposits ; — called by the WTiter Pinddralite/' from having 
first been found typically present at the village of Pinddra in Navanagar 
State. Here also, the site is not suitable for being quarried ; but, from 
the reliable records of Fedden, it is anticipated that workable outcrop^ 
of the stone may yet be found in the State to yield a profitable supph' 
of both useful and ornamental material. 

Camp-Station V.— Ranawao. 

>tr. Outskirts of the Toten. 


A RRAXGEMEXTS for a Second traverse of the State, to cover th(‘ 
^ country-side to the N. of a base-line from Porbandar City to 
RdnAwdo Town and to the \\\ of the Barda group of hilF, having been 
satisfactorily concludefl. the Director drove from headquarters at 9-45 
a.m., across the Victoria Jubilee Bridge, rid Kolikhara on the main-road, 
and thence by the turning of a cart-track in a north-easterly direc- 
tion over an exceedingly level plain, past the new hamlet of Nawagj 5 m, 
and thereafter by “-undry slight turnings over rubbly hmest(jne into a 
by-path leading to the south side of Rdnawdo Railway-Station. The 
camping ground formerly occupied was reached at 12-45 pTn.. but al- 
though the tents had been despatched on the previou-> da}', onlv the pole 
of the chalet-tent had been pitched, as the tentman could not, during 
the absence of the Mamiatdar, get enough assistance. It was therefore 
late in the evening before the tent furniture could be arranged ; and 
work, consequently, had to be postponed to the following morning. 

During the journey, opportunity was taktm of the bright sunlight 
to secure a distant, bird’s-eye panorama of the Barda Hills from NW. 
to SE., to show' the limestone limit of the extensixe quarry-sites on the 
Adatidna heights. 

Previous arrangements having been made with the Ouarries-Clerk 
to^ accompany the Director and party to the quarry sites, and also to 
point out to the Hajji Esmail, exactly where he should peg out his 
Prospector 's-Claims, a couple of coolies provided with sledge-hammers 
and collecting gunny-bags, w'ere sent on beforehand, and met the pro- 
specting party, at Rdndwuo Station at 9 a.m. on 11-10-15. 
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Smart walking. ENE. along the Railway-line for about a mile, 
and then turning nearly at right angles northward over rough miliolite 
under foot, through jungle-scrub, past the limestone limit, and onward 
and upward over debris and big boulders, — altogether an ascent of fully 
half-a-mile,— brought the party to the brow of the highest summit of 
the nether hill, named Bhatwari Dhar. some 260 feet above the sea 
le\'eL The huge spheroidal boulders hereaboutb are blazed with white, 
as a sort of temporary landmark ; and here an enormous quantity of 
deep blue-black boulders, stretching on either side for many hundreds 
of vards, and exhibiting, when tested at intervals, a wonderful unifor- 
mity in colour and texture, wen* indicated and pegged out. for a quarry- 
site ol No. 98 on the Regist<*red List, provisionally named a Dark Blue- 
black Basaltoid Rock, in large* spheroidal boulders, fresh, and very 
think' (weathered) covered by a pellicle of bright-red luematitic matter ; 
but apt to fracture sub- rectangularly, when smartly struck, in unex- 
pected directions. This stont*, which is incomparably superior to even 
the hardest and toughest hme-'tone, admits of being readily broken 
with ordinary native hammers into polyhedral shingle of any desired 
gauge, and ought therefon* to bi* welcomed by road-makers who are 
not provided with modern ^tone-breaking machmes. A direct cart 
road from the Ranawao Station East-Siding could be inexpensively 
constructed to several favourable sites for Quarry-backs on the hill- 
slopes, and work could thus bt* carried on continuously, irrespective of 
the monsoons, as there is ample opportunity for a very perfect, control- 
lable system of natural drainage. 

At the summit of Bhatwari Dhar, while approachuig the base of 
Bhatwari Dungar in a northerly direction, the powerful direct reaction 
of the sun, alternating with monsoon conditions, have jointly served to 
partiallv laterise the surface stone to varying depths ; so that parts oi 
the ground-mass of the rock are rendered rudd}^ while other portions 
are changed to a slaty hue, serving thereby to endow the texture with 
a pleasing ornamental appearance, which would doubtless be enhanced 
bv polishing. This sunbaked variety of the Bhatwari Dhdr stone. 
No. 109, becomes clearly apparent at about 200 yards or so from the 
south brow of the hill and prevails lor a considerable distance towards 
the base of Bhatwari Dungar. 

On descendmg the southern slope of Bhatwari Dhar towardsRdnawdo 
Station, a subsidiary dyke of hypabyssal basaltoid rock was detected, 
showing a transverse vertical-cleavage of the mass, into small slabs 
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of one to two inches thick, and samples were secur'ed as likely to prove 
of scientific interest. The dyke was noted to rurn from N. byNNE., 
to S. by SSW., on the west side adjoining a small haill-side runnel. 

It was 12-45 before the quarries-clerk anci trolly could be got 
ready for proceeding to the granophyre quarry-sit»es on the heights of 
Adatiana. On reaching the commencement of tine miliolite series of 
quarries, the line was found to be blocked by loadecd wagons, and further 
progress had to be made on foot, to cover several miles of very rough 
ground, during which suitable sites were pegged -o-^ut for the extraction 
of No. 33, specified as the Khoria Dhar site for me^dium -textured, tougli 
grey granophtTe for Karachi Municipality samploes. 

Although not called for by Karachi, other hig h-grade stones in this 
region were re-ins]Dected, and quarry sites indicated for future operations 
to the Hajji Esmail for inclusion on his prospectirag license, as follows:- 
No. 38, a fine to medium-textured, very tough, ru ddy-grey granophyre, 
pegged out as the Mor Chupra Dhdr site ; No. 39, a medium to coarse, 
pink and black-grey granitoid granophyre, of highl3^ ornamental appear- 
ance, adjoining the miliolite quarry No. 158, ne-ar the railway-siding 
line ; and No. 112, a medium-textured, ornamentail pink and dark-grey 
granophyre, forming a good back ” at the base cd part of Mor Chupra 
Dhdr, 100 yards or so by a tortuous cart-track from the Miliolite-Quarri(‘s 
Nos. 109, no on the Railway- Siding. Good sample-s of all of these stones 
were taken to either replenish or supplement the stock and collections 
at headquarters, and a return to camp was made ait 6 p.m. 

On the following day, 12th October, 1915, a tl mnderstorm and very 
heav\^ shower of rain ensued and confinement to camp was utilised by 
packing, trimming and registering the fairly large collection of samples 
that had been made. 

On Wednesday, 13th October, an exceedingly heavy day’s work 
was accomplished. Starting in the gharry accompanied by one cart 
at 7-30 a.m., the road from R^nawiio, towards Bordi w’as taken, and the 
vehicles being left on the cart-track, the journey was followed on foot 
to the site of sample No. 47, provisionally specified as a light blue-grey 
doleritoid rock, situated about 2 f miles NE. of Ran awao Town and about 
one mile S. of the Railway-line. A couple of outcropping sub-oval 
mounds of this stone were pegged out for the Hajji Esmail, and a tramp 
north-eastward to the Railway-line, brought the prospecting party to 
the spur from Jerickhia Dungar, which crosses the Railway and then 
vanishes to outcrop again about 150 yards S. of the line, estimated to lie 
some 3 miles ENE. of Ranawao Station. Another quarry-site was 
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pegged out here as the locale of No, 55, registered as an exceedingly 
tough pale blue-grey granophyre, sunbaked to ruddiness in patches. 
This outlying portion of the spur of Jerickhia Dungar is continued as a 
series of mounds affording good quarrying sites all along in a south- 
eastwardly direction, where as No. 57, it assumes a somewhat finer 
texture and affords abundance of sound, fresh, high-grade material 
for dock work and road-metal. 

The gharry and cart which had proceeded along the rough cart- 
track en route for Bordi, were joined by the party on foot, with specimens, 
at the NW, comer of the Naliadhdr State-Jungle Reserve, where the 
roadside is flanked by a long NW. to SE. spur from the everlasting 
hills.’' This was pointed out as an admirable quarry-site or bcries oi 
sites, for securing enormous supplies of strong and durable sound building 
stone and high-grade road-metal; — registered, under No. 62, as a grey, 
brown, light-coloured, medium-textured granophyre. 

Proceeding by cart-road through the hill-pass which emerges near 
the base of Piara Dungar, called Javant^ra Gdrd, along which the Rail- 
way passes eastward, a halt was called for the purpose of securing, if 
possible, better samples of the ornamental felsite. No. 65, (mottled pah' 
blue-grey and ruddy brown-grey) for the State Collection. 

Finally, a rapid run was taken to the village of Bordi and from 
thence, by the south-eastern cart-track for a trifle over a mile to the 
base of the isolated outlying hill called Cocachia Dhar, where a quarry- 
site was pegged out for the extraction of No. 79; — registered as a Iresh- 
grey, fine-textured microgranitoid granophyre, which forms a large, 
freely-jointed exposed d^-ke, flanking the sides towards the base of the 
west spur of the hill. 

In searching for a suitable spot for initial operations, it was iound 
that this hypabyssal dyke appeared to have been invaded on its northern 
side by another dyke of a different character and probably of subsequent 
formation. This stone, which does not seem to be present in suhicient 
quantity to justify the opening of an independent quarry, has been 
registered as No. 113, under the provisional name of Black Basaltoid 
Dyke-Rock. The exposed surface of the dyke is closely and subrcctan- 
gularly jointed into oblong blocks varying in dimensions from a few 
inches up to about a foot or so ; — cubic. 

On Saturday, i6th October, a few specimens of slag from former 
iron-smeltings at Rdndwdo having been brought into camp, with the 
information that iron-ore had been excavated locally, a special journey 


xlii 


Economic Geology of Porbandar State 


was made, to cover the hitherto un visited ground south of the town. 
Following the cart-road from the SE. end of the town, more or less adjoin- 
ing the course of the local stream, called the Dhabukli Nuddy, a slightly 
elevated patch of deep-red ground, of about 500 yards or so in diameter 
was reached, miles S. b\' SSW. of Rilndwao, where a few pits had 
recently been dug by some curious person, at the site of the long-since 
abandoned “ iron-mines.” The rock was found to consist of typical 
lateritc, fairly rich in iron-ore. Other minor patches left no room for 
doubt, that the site represents the remains of a denuded cap of a latent ic 
ridge, coextensive with other outcrops at Bdkharla and beyond. 

Slightly eastward, at about the same parallel, there is an ovate 
hillock, some 3 iurlongs in major axis, called Chorkhada Dhar, whence 
small supplies of tolerably good building-blocks of miliolite are being 
extracted, which throws an interesting side-light on the geological history 
of the country-side. The denuded miliolite is found to pass gradually 
into a miliolite-conglomerate, full of both angular and rounded fragments 
ol laterite, and evidently also of Gaj limonitic-lmestone. From this, 
it may be inferred that the sea of the ^Miocene Period must have encroa- 
ched upon the land, quite up to the base of the Bardas in this part of the 
Province. 

Latcrisation of the bcddcd-lava'^ must also liave been fairly exten- 
si\'c^ throughout the neighbourhood of Ranawao ; for, upon an examin- 
ation of the scarped bed^ of miliolite and their underlying deeply-laid 
conglomerates which are t^xposed liy the erosion of the Bhabukli Xuddy, 
from near Chorkhada Dhdr riglit up to within a stone’s throw of the 
town of RdnawHO, characteristic large fragments of altered laterite 
and iaterite-pebbles are met with in abundance, as showm b\’ the typical 
specimens, registered as Nos. 116 and 117, on the subjoined list. 


Date 


: Regis - 

‘ tered Providonal Name • Locality and Remarks. 


1 1-10-15 [ 109 'Rudd\"-Grey Sunbaked 
i [ Granopliyre 


Incipient Same dyke as 98, but about 200 
; to 500 yd^, along summit of 
Bhatwan Dhar from S. brow of 
hill. 


11-10-15 


110 Cleaved Rock Subsidiary Dyke j Near gorge on S. slope Bhatwari 
I from N by NNE. to S. bvj Dhar, near Ranawao Station. 

I SSW. ‘1 
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Date 

Regis- 

tered 

No. 

Provisional Name. Locality and Remarks. 

11-10-15 

Ill 

i 

i 

Ruddy -grey Granophyre. Siin-'Bhatwari Dliar Summit, 400 yds, 
baked. Strong, medium tex- N of S brow of hill, 
i tured. 

11-10-15 

112 

Ruddy -grey Granoplivn^ Medi- Base of Mor Chupra Dhur, 100 yd^. 
um to coarse. Good qiiarr\ roundabout track from Quar- 

bite by side of rough cart-track, ries 109. llO, Adatiana Height>. 

13-10-15 

113 

Black Dyke-rock. Adjoining N Spur of Cocaehia Dlnlr near 

1 of Nf. . 79. 1 Bordi 

10-10-15 

114 

1 

1 

1 Eat elite Formerly dug from thUvSurf ace of around slightlv W. of 

1 slightly elevated patch for iron' Chorkhada Dhar. and 1} m. S 

1 smeltings. The patches hem-' by SSW of Runawao Town 
i aboiits, aggregate about 500 to 
j bOO yds. bq. 

nj-10-15 

1 llo 

1 

I j 

|MiUolifce-Lim< ‘.-tone. Good second- Cliorkhada Dhar Khan. Small 
grade, lying 10 to 12 ft thick quarry for local use. 1| n>. S. 

1 upon Giij (?) bed-. by SSE. of Ranawao. 

10-10-15 

110 1 

Miliolite -Conglomerate, with C^aj Unclerlving and partially inter- 
ancl Laterite ptdjtble-, (ic. ealated vith 115 

10-10-15 

117 

i 

Miliolite-Uonglomcrate, with large' E. scarp of Dhabukli Nudd\. 4 
Laterite pebbles, etc. 1 to i m. due IS. of RanawiiO. 


Camp-Station VI.— Bakharla. 

Field, Adjoining E. end of Jdlla^e. 

^ EXTS WERE STRUCK at 8 a.m. on 22nd October, 1915 ; and, 
^ leaving Randwao in carts, at 9-14 a.m., arrived at Bakharla at 
I p.m., so that the Camp conlcl not be arranged for work till 4p.m, 
Tents were pitched by the side of a solitary clump of four '' Khijdo 
trees {Prosopis spicigem) in the middle of a field of fertile arable ground 
adjoining the east end of the village, and within easy distance W. of 
a well-shaft with plenty of fairly good potable water. 

Driving from Randwao, the direct road in a north-westerly direction 
o\’er the Railway level-crossing, to the \V. of Rdnawao Station, was 
traversed, over old ground, on the to Adatidna. The light being 
favourable, stoppages were made, by the wayside, to secure distant 
views, with the Kodak, of the Barda Hills, to indicate the position and 
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limestone-limit of the extensive series of quarries on the Adati^na 
Heights. 

From Adatidna village, resting upon a rough but comparatively 
shallow substratum of miliolite overlying a deep layer of earthy, ultra- 
calcareous, partially concretionary conglomerate, often more than 30 
feet thick, at places, the high-road to Porbandar, now being repaired, 
was followed, SW., for half-a-mile, to where it is crossed by the north- 
westerly cart-track to Bdkharla. The ground surrounding this track, 
is fairly fertile when cultivated ; but is apt to be covered, at parts, by 
from one to three feet of more or less solid limestone, and to be covered 
in its turn by rich detrital soil derived from both the miliolite and the 
weathered felsitic material from the Barda slopes. 

Crops appear to thrive all the way along, wherever they have been 
tried, until well beyond the south-western limits of the small village 
of Boricha ; but, upon approaching Bakharla on the NW., the land, for 
an area of about half-a-square-mile, becomes unaccountably barren — 
not even a termite's mound can be discerned hereabouts. Indeed, the 
sterile patch is sharply indicated by the sagacious “ white-ants,” who 
build their wonderful pyramids, just immediately beyond the bound- 
of the forbidden ground. A well-shaft in the latter yields mawkish, 
brackish water, and all attempts to grow anything beside its weakly 
weeds and sedges, have signally failed. It is probable that the place 
represents the remains of a saliferous tarn of sub-recent date. 

Upon cursory examination it was found that the south side of the 
village of Bakharla rests upon partially exposed beds of coarselv tex- 
tured, indurated, consolidated shell-sand of the Dwdrka group of beds 
which, towards the north end of the village, overlap the denuded surface 
of laterite ; — probably of Eocene age. Eastward, the shell-sand full of 
laterite fragments and pebbles, thins down, and is in its turn covered, 
by deposits of miliolite-conglomerate, crowded with shell-sand and 
laterite fragments. The miliolite deposits grow thicker and purer in 
progressing east, until they reach their maximum in the cradle of the 
Barda hills at the base of Dhdrfaria Dungar, in the area of the Adatidna 
State- Jungle Reserve, which lies to the NNW. of the northern termin- 
ation of the Railway-siding to the great miliolite quarries of the Adati^na 
Heights. 

Underlying these enormous deposits of miliolite, there are varying 
thicknesses of miliolite-conglomerate, the clastic constituents of which 
are naturally characterised by a dominance of either fragmentary or 
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rounded stones derived directly from the underlying and adjoining 
formations. For example, at the east end of Bdkharla, about 500 to 
1,000 yards from the village, the deep deposits of miliolite with appre- 
ciable thicknesses of underlying conglomerate which obtain at the 
immediate base of Dhdrfaria Dungar, about 3 J- to 4 miles away, dwindles 
away to a mere crust of superficial stone, which, however, is underlaid 
by a very thick deposit of conglomerate, often more than 30 feet, in 
several of the local well-shafts. 

This conglomerate consists in its upper parts, principally of a limy 
earth, holding large and small fragments of former miliolites ; decayed 
blocks of felsitic matter, granophyres and so forth ; with sundry rubbly 
stones of concretionary origin ; while at its lower depths, there is an 
increasing proportion of chunks of hard miliolite-conglomeratc crowded 
with either laterite-pebbles, shell-sands, and Gdj limonitic-limestone 
particles or mixtures thereof. 

As already noted, the conglomerate, in its turn, tails dowTi, on 
approaching Bakharla, to overlap the consolidated shell-sand of the 
Dwdrka group at the south and the lat elite on the north side of the vil- 
lage. An abundant supply of somewhat “ hard yet potable water is 
therefore obtained from well-shafts east of Bdkharla at depths of from 
20 to 30 feet. 

On Sunday, 24th October, a drive was taken to the village of Boricha, 
a distance of about two miles, over level land, partially cultivated and 
occasionally barren or under grass. The gharr}^ was sent on to the 
abandoned village-site of Alaswana, two miles farther north, and the 
prospecting party proceeded on foot, by a little-used cart-track to the 
base of the hills, keeping ENE. along the banks of a mountain stream, 
which ends at Boricha, called the Sij Jhar, which drains the slopes of 
the nether hill, Dhordi Dhdr and the steep sides of Dhdrfaria Dungar 
above, to water the jungle-lands of the Adatidna State Reserve below. 
The gorge of the Sij Jhdr at this part branches, and cuts deeply into 
considerable deposits of tolerably good miliolite ; while the low-lying 
lands support plentiful growths of the Tanner's Cassia, (CasszA auriculata) , 
and a small variety of the Gum-arabic Tree {Acacia Senegal), 

After traversing the low-i\ing jungle supported by the underlying 
miliolite deposits, a short stretch of clear land strewed with boulders 
of granophyre detached from the crags above, leads to the slope of a 
long ridge-like nether hill, called Dhordi Dhar, which stretches for about 
3 furlongs from SE. by SSE. to NW. by NNW., to terminate at the 
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northern branch of the runnel, or Sij Jhdr proper. Here, there is an 
excellent site for a very large quarry of the well-preserved, sound and 
fresh stone, capable of being easily extracted, in uniform quality and 
practically unlimited quantity, registered under the provisional name 
of a Pale Blue-grey Doleritoid Rock, as No. 120. 

At the NNW. termination of Dhordi Dhdr, a spur from the higher 
hills juts boldly dowTiward to flank the northern gorge of the Sij Jhdr 
and also offers a good site for a quarry capable of yielding considerable 
quantities of large blocks of a particularly fresh and exceedingly tough 
and strong Light-grey Granophyre, of from fine to medium texture 
which has been registered as No. 121 on the State Collection of Geological 
Specimens. 

Descending to the level of the Jungle Reserve below Sij Dhdr, as 
the abovenoted spur of granoph^Te is named, a well-worn and fairly 
broad cart-track is encountered, which is stated to run past the south 
of Boricha and thence into the high-road from Adatiana to Porbandar, 
a distance of nearly ten miles from these new quarry sites to the City 
Bandar. The cart-road at its Sij Dhdr end continues in excellent con- 
dition, until it reaches a picturesque part, nearly a mile farther north, 
to gradually narrow down into a foot-path which leads upward by the 
side of a chasm called Bhil Jhdr, and over the hills, to the shepherd's 
retreat in the valley below, knowui as Sathvirda Nes. 

Bhil Jhdr when viewed from the SSW. presents the centre of a 
converging series of mountain spurs, each of which doubtless represents 
the unveiled surface of an independent hypabyssal dyke. Its declivities, 
however, are too remote and inaccessible at the present moment to offer 
any inducement for the exploitation of an abundant and varied series 
of high-grade granophyres and felsites, here practically brought together 
as to a focus. These hill-spurs are most commonly buttressed below 
by nether hills, which offer special facilities for being quarried, and are 
therefore worthy of being carefully noted. 

Samples were taken from only one of these nether hills, on this 
occasion ; namely, from the west slope of the hill on the south side of 
Bhil Jhdr, which shall therefore be registered in this place as Bhil Dhdr. 
The stone has been provisionally listed as a Pale Russet -grey Felsite, 
No. 122 ; and, although splintery, is phenomenally hard. 

Prom Bhil Jhdr, the prospectingj^party, with a couple of coolies 
carrying specimens, proceeded on foot, under the burning sun, to the 
site of a desiccated depression, 1 - mile westward, called Doli Talav and 
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from thence, past the ruins of Vinjal Kot to the north, and finally, 
for over two miles in a westward direction over an arid limestone plain, 
to meet the welcome gharry at the site of old Alaswdna. The drive 
back to camp was taken NW. by NNW. for i j- miles to Katwdna, f mile 
NW. to Vinjhrdna, and then miles nearly due S. to Bakharla. The 
whole of the country-side during the latter part of this traverse, was 
over land obscured by more or less miliolite-limestone, frequently fertile. 
weU- watered and equally well cultivated. Approaching Bdkharla an 
outcrop of laterite was noted by the roadside at the north of the village. 

The following is a list of specimens added to the State Geological 
Collection ; — 


Dat-e. 

Regis- 

tered 

No. 

Provisional Name. 

f 

! Locality and Remarks . 

24-10-15 

t 

118 

jlletrital, Feb^ito-Miliolitic Soil of 
Barren Plain. 

2 mile due E. of Bakharla 

24-10-15 

119 

MiliolitiC'Limestone. Good 2nd 
grade thick deposits. 

Top of Sij Jhar, 14 miles NE. by 
ENE. of Boricha. 

24-10-15 

120 

Pale Blue -grey Dolcritoid Rock.. 
Long Nether Hill. Good quarry 
Site. 

Dhordi Dhar, 4^ miles ENE. ol 
Bakharla . 

24-10^15 

121 

Light-grey Granophyre, Fine 

textured and very tough 

Sij Dhar. Hill -spur at N. end of 
120. 

24-10-15 

122 ^ 

Pale Russet -grey Felsite. In- 
tensely hard, but splintery. 

VV. slope of Nether Hill on S. side 
of BhilJhar, 4J miles ENE. ot 
B^ikharla. 

25-10-15 

123 

Stone, [(Felsitic)] ? 10 ft below 
surface. Li conglomerate, well- 
shaft}. 

1 Roadside, 4 mile E. of Bakharla 

1 on way to Boricha. 

20-10-15 

124 

jMiliolite-Conglomeratc . Surface 
of fields. Contains fragments^ 
of Laterite, etc. 1 

mile E. of Bakharla and the 
^ surrounding country-side. 


DIGEST OF DIARY. 

November, 1915. 

D uring the current month, meteorological conditions were not 
quite so favourable a'=^ might have been anticipated ; for, in spite 
of the cessation of the monsoon, the shortening days were charac- 
terised b\ shifting breezes, mainly from the north-west and occasion- 
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ally from the east and south-east. The temperature ranged from 67^ 
F., to as much as 97® F., in the shade ; and, for the first half of the 
month, little or no work could be attempted in camp after dusk, on 
account of annoyance from nocturnal insects. 

On the 5th instant, the Hajji Esmail visited the camp, for the 
purpose of requesting the Director to inspect his quarrying operations at 
Kandwao; to re-locate and peg out quarrj^-sites for the extraction of 
Xos. 33, 34, 38, 39, 112, 47 and 55 ; and to indicate the boundaries of 
No, 62, which had previously been recommended as an exceptionally 
tough and strong stone, suitable for dock and harbour construction as 
well as for road-metal, to the Chief Engineer of Karachi Municipality. 

The request was granted first, in order to facilitate the work of 
surveying and allotting sites by the State Revenue Commissioner ; and 
secondly to take additional notes likely to be of future use to the Geolo- 
gical Department. Early on the morning of the 8th instant, the Director 
proceeded from Camp BAkharla to Rdn^wno Station, and thence, in 
company with Hajji Esmail and his men, b}^ trolly, to the Adatidna 
Heights. 

It w^as found that much confusion and disappointment would 
result from indiscriminate quarrying on the Heights adjoining the 
extensive miliolite excavations ; simply because many of the so-called 
nether hills are not in reality spurs of rock from the main massives, but 
merely detached boulders that have accumulated in moraine-like heaps 
at the base of the lofty crags. These erratic blocks of drift-material 
often lie deeply imbedded and high-piled upon the remnants of miliolite 
at the shelving limestone limit ; and, in some cases, present sufficiently 
large quantities of one kind of stone to justify extraction on a limited 
scale ; but the time must come, of course, when no further supplies 
can be expected, except by searching for the original massive on the 
slopes or from the crags of the high hills above. As far as possible 
therefore, the quarry-sites were marked for the surveyor, on the slopes 
of actual spurs from the mountain-massive, so as to ensure a large supply 
of material “ true to sample.’' 

Before quitting the Heights of Adatiana, it was observed that a 
likely quarry-site which had hitherto escaped notice, existed in form of 
a distinct spur from the hill called Gudazali Dungar, which approached 
the Railway Siding. A pathway from the if mile-stone on the line, 
close by miliolite-quarry. No. 4 Platform leads NNE. through a deep 
gully to a favourable site for excavation on the slope of this nether hill. 
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which shall here be called Gudazali Dhar ; but a cart-track, also leads 
to the same site from some distance farther on the line, so as to avoid 
crossing the gully. The rock here, abundantly outcropping from tlie 
main mass, in the form of great spheroidal boulders, suitable for blasting, 
consists of a medium-textured, intensely strong and tough grey grano- 
phyre, closely resembling that of Khoria Dhar, No. 33. Samples were 
secured with great difficulty, in the absence of blasting, and dulv regis- 
tered as Xo. 127. 

The day's work was concluded by a long drive from Ranawao Station 
over very rough ground to the sites along and by the sides of the Bordi 
cart-road, where large quarry sites were marked for the surve\or for 
the extraction of material for road-metals from Xos. 47, 55 and 62- 

On the 9th instant, a brief reconnaissance was made of the SE. 
neighbourhood of the village of Bakharla, where it was ascertained 
that a wide stretch of country-side is covered by a thin deposit of 
miliolite-base conglomerate of compact texture, containing pebbles and 
grains of limonitic limestone and laterite, overhang a deep deposit of 
rubbly conglomerate of concretionary character, plentifully studded 
with, rounded pellets of, apparently, laterite. 

All samples collected in the field were brought to camp to be sorted, 
trimmed for museum or laboratory work as required, registered, and 
carefully packed for conveyance to head-quarters ; so that by the 12th 
instant arrangements were made, for a geological survey of the Barda 
Hill slopes, northward and WXW. from the sites of DoH Talav and 
Vinjal Kot, which had previously been traver^^ed and reported upon. 

At dawn of day on the 12th inst., accompanied by a couple of coolie^, 
a drive was taken XE. to the site of the abandoned village of Alaswdna, 
2| miles from Bakharla, and thence over tolerably level land for another 
mile, skirting the southern branch of the hill-stream called Alaswdna 
Jhar. The ground hereabouts becomes increasingly rough with thicken- 
ing deposits of miliohte and occluded by jungle-scrub, so that the jour- 
ney for another mile to the base of the hills ESE, towards Vinjal Kot 
had to be continued on foot. Only about 500 yards or so of rougli 
ground however, intervenes, to be cleared for cart-tracks ; after which 
a gentle, open slope leads to the foot of the hills. 

On rounding the point to the X. of the gully by Vinjal Kot, known 
locally as Gaikedi Jhar, the southern portion of a large hill-slope which 
trends from SSE. to XXW. for | mile, offers a good site for quarrying 
operations on a large scale. This hill is named Dhedliio Dhar, and ix 
bounds a fine expanse of grass-land belonging to the Godahna State- 
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Jungle Reserve. The rock consists of a medium -textured Grey-brown 
Granophyre, and although much weathered superficially, was found to be 
extremely tough and strong and difficult to break with heavy sledge- 
hammers ; so that, in the event of being required, it should be blasted 
for extraction. Enormous quantities of uniform quality are available; 
for, upon inspection, the entire hill, for fulty | mile, right up to the south 
side of Sarwani Wao, consists of this useful type of stone. 

S^rwani W^o is a deep stone -lined well, with steps leading down to 
its brink of perennial limpid water. It is situated about 4J- miles NE. 
of Bdkharla, obscured by jungle-scrub and tail grasses by the side of 
the gully which serves to separate Dhedhio Dhdr from the south spur 
of Malak Dhiir. The vast massive of Malak Dhdr sends out spurs which 
radiate from its summit to the N., E., S., and 9 W.; while its N\V. moiety 
is flanked by a couple of long sub-parallel ridges. There are two southern 
spurs of considerable magnitude. The one bounding the upper bank 
of the mountain runnel, which subsequently emerges to form the stream 
called Alaswaiia Jhdr, affords a capital site for a quarry of large dimen- 
sions, to yield an almost inexhaustible supply of big blocks of particu- 
larly fresh, ?ound, and practically indestructible stone, provisionally 
registered as a finr ly textured pale grey-brouTi granophyric felsite, which 
is intensely hard and tough enough to break with ordinary hammers 
into a sub -rectangular shingle, precisely adapted for use as a high-grade 
road-metal. The stone is, perhaps, slightly too vitreous to be recommen- 
ded for curbs and setts ; but, would un quest ionabh^ furnish ideal slabs 
and tiles for floors, landings, steps and other situations that are common- 
ly subjected to severe attrition, but free from hea\y crushing stress. 
The pleasing subdued colour of the stone moreover, which is, of course, 
capable of being brilliantly polished, ought to be a strong recommend- 
ation for its utilisation by ornamental masons, for the production of 
monuments, pedestals, columns, and even table-tops, clock-cases and 
the like ; for, many of the great spheroidal masses may be secured in a 
practically flawless condition, in boulders often exceeding six feet in 
diameter. 

Proceeding westward along the northern bank of the gully, — Aias- 
wana Jhiir, to a spot about 100 yards NW. of Sdrwani Wao, a second 
site for a good-sized quarry is revealed by a bold outcrop of the rook 
which forms the westmost, south-trending spur from Mdlak Dhar. Here 
also, the stone preserves its pristine freshness, almost unimpaired by 
atmospheric influences. It consists of a very tough and strong pale 
grey-brown granophyre of medium textiiie, which could be turned to 
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profitable account for large supplies of building-blocks and high-grade 
road-metal. The only drawback to opening quarries at this and the 
immediately foregoing sites, is that it would be somewhat difficult to 
make cart-tracks over the exceedingly rough ground leading from the 
base of the hills to the level land below. Only about one mile of pioneer- 
ing work, however, would be entailed. For the rest, the existing cart- 
roads, via Alaswdna and Bakharla, lo miles in all to the Por bandar 
docks, are in tolerably good condition. 

From the site just mentioned, for about five furlongs in a WNW. 
direction, the slopes of the westmost southern spur of Malak Dhar are 
approachable by old and now but little used cart-tracks. Huge, very 
rough and greatly weathered boulders, form a deep talus of drift material 
over this ground, which cannot therefore be recommended for quarrying 
operations ; but at a spot miles ESE. of the village of Godhdna the 
extreme end of a SW. spur from Malak Dhar, pierces downward through 
the belt of jungle to the plain, forming a bold ridge, close by an old cart- 
track to Godhana, where a good quarry could be opened at small cost. 
The rock consists of a coarse-grained brown -grey granophyre, exhibiting 
numerous miarolitic spaces or ca\Tties ; but is so inten^el}’ tougli and 
strong, even when considerably weathered, that only small samples 
could be detached with heavy sledge hammers. This stone ought to fur- 
nish ideal material for dock-work and harbour construction, where effect 
ual resistance to intense crushing force and impacts is a sine qua non. 

The flat countryside intervening, from the base of Mdlak Dh^r 
to the village of Godhana is more or less encrusted with deposits of 
coarse miliolite, and at places, with its underlying conglomeratic base, 
which often attains to considerable thicknesses, and lies directly upon 
the hypabyssal rocks of the Barda Hills and their spurs and outliers, or 
upon the older series of bedded-lavas which constitute the bulk of tlie 
surface lands in the Province of Kathiawar. 

The miliolite deposits, with but sundry isolated exceptions, tail down 
to practically a mere crust on the route from Godhana, via Katwaiui 
to Bakharla. As already observed, on approaching Bdkharla from the 
north, the ground grows quite red ; so that on the 13th, a special 
examination of the N. end of the village was made. It was found that 
the thin layer of miliolite-base compact conglomerate and its deeper 
beds of rubbiy conglomerate with laterite inclusions, which were noted 
on the south side of the village, gradually dwindled down on proceeding 
northward and westward. At ^bout 150 yards N. of Bakharla there 
is a deep stone-lined wtli-shaft, with its water-level at a depth of about 
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35 feet: Ju:5t above the water-level a ledge of black bedded-lava is 
exposed, while the surface surrounding the well, is iormed of a thin 
layer of fossiliferous limestone probably of the Dwdrka group overlying 
a riibbly conglomerate, which, at places, has entirely lost its original 
character by being heavily impregnated with the iron from the under- 
lying laterite and debris of laterite long since denuded awav. The red 
ground is thus only apparently lateritic : but there can be no doubt 
that a cap of true laterite, still covers the top ol the bedded-lava, 35 
feet or so below, as its metamorphosed, denuded surtace. 

Underlying this superficial la\er of pseudo-latcrite, atmospheric 
agencies have played a curious part in dissolving and re depositing 
the lime of the exposed miliolite and Dwdrka limestone cfnigdomerates 
in form of rough, thin cakes intercalated with marly matter and heavilv 
indued with secondary iron-oxides. 

Once upon a time, iron -mines were said to lx* profitably worked 
in the neighbourhood of Bdkharla. Arrangements were therefore 
made on the 15th instant, to visit the sites situated due W. of the 
village. These were found to consist of numerous small pits, each from 
four to six feet in diameter, sunk haphazard to varving depths in the 
laterised soil, but now mostly filled up by the villagers ; — doubtless 
for fear of accidents to cattle. 

It was found that the surface of the ground commences to grow 
distinctly lateritic at about } mile due W. of Bakharla, and that traces 
of red earth connected this ground intermittently with the laterite at 
the north end of the village. Tiie lateritic region practically extends in 
form of a very low hill about 2 miles long and nearly I mile wide at its 
broadest part, from E. to \V. It then spreads northward and niainh' 
westward, for about fmilc, past the resuscitated village of Simani ; and 
evidently represents the denuded laterised cap of an elongated narrow 
nog-backed ridgi' of l)cddcd-lava,formerly supporting remnants of Dwarka 
limestones and miliohie cunglunie rates, both holding abundant pebbles 
and fragments of laterite. These conglomerates, heavilv impregnated 
with the iron from the laterite, coupled with the underlving laterite 
Itself, which appears to be rich in separations, by me tac hemic reactions, 
of iron-ore of excellent quality, formed the material from which the 
natives of nearly a century gone by, kept their smeltings activeh' busv. 

The high-road leading northward from Porbandar City, via Degdm 
to Bharwara, runs past, slightly to the east of the village of Simdni, 
and on the side of the highway at this part there is a conspicuous Hindu 
shrine called the Bdbadeshva: DJandir. About 200 x'ards or so SE 
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of the Mandir, a 20 feet deep welhshaft, shows a superficial crust of 
laterite passing downw^ard directly into decayed bedded lava. To the 
W. of this w’ell, in the direction of the village of Simdni, a small elevation 
deposited on a base of lateiite and bedded-lava, has been partially exca- 
vated ; and the exposure show’s thin beds of Gdj limonitic limestone 
and conglomerates from w^hich fossil corals w’ere obtained, as well as 
a few shells of Pecten^ characteristic of the horizon in which they were 
found. 

From Simdni the westw'ard course w^as taken for about a mile to 
the parched alluvium at the extreme SE. end of the great Ger or Marsh, 
which extends in a north-w’estward direction for nearly six miles. Taking 
a N\V. course over this pathless waste of stunted grass -ground for | 
mile, now in an arid state, a narrow, low elevation, about I mile in length, 
and trending from SSE. to NNW., was descried, skirting a part of the 
Ger-proper on its westward aspect, and bounded by a strip of cultivated 
land on its eastern and northern margins. This eminence, called Bhiido 
Dhdr, was found to be capped by thin beds of obliquely laminated lime- 
stone, exhibiting colours varying from white and buff to brown, deep- 
purple and blackish hues. It consists of a coarse, sandy and gritty 
limestone, which, at its northern end overlies beds of unmistakable 
Gdj limonitic limestone of the Pindaralite type, but too poorly developed 
to be of much commercial value. 

The Ger or brackish w’aste encroaches partially over the above- 
noted lowdying formations during the monsoon, leaving it thereafter 
in the condition of a barren area, which stretches N\V,, X. 
and NE. for about a mile in the direction of the stream to the immediate 
S. of the village of Bhdrvvara. At its southern boundary, this barren 
plain of alluvium is cut off effectually from the main Ger or sw’ampy 
land, by a high ridge, (83 feet above the sea -level,) — which runs from 
ESE. to WNW. for about 5 furlongs, and calls for special notice in this 
place, by reason of its unique development of ornamental limonitic 
limestone, which shall here be specified as “ Bhdrwaralite/' The ridge, 
in the form of denuded hillocks on their eastward aspect, forms a level 
plateau at the top, which is nearly 3 furlongs wide at its broadest part, 
and overlooks the Ger or Brackish-marsh on it? w’estern side. On the 
level of the maish the rock appears to be composed ot a pale yellowq 
limy conglomerate, soft and somewhat friable, overlaid by thin beds 
of compact limonitic limestone holding angular and rounded fragments 
of laterite. Superposed there comes a series of beds of earthing limy 
conglomerates, alternating with beds of hard compact limonitic limestone, 
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available in large slabs of from a few inches to over a foot in thickness. 
These constitute, the newly-named Bharwdralite-type, which differs 
from the Pindamlite-type of limonitic limestone, in that it assumes a 
uniform, fresh-looking, deep cinnamon colour, free from black spots or 
blemishes of any kind. With careful manipulation a very considerable 
yield of this desirable ornamental stone might be rescued from tin.'? 
Original site ; but it would be premature if not impossible to predict 
large and continuous supplies, as it is well-known that these lenticular 
deposits are apt to be local and to vary both in texture and quantity 
within very limited boundaries, since it is more than probable that 
they are of the nature of estuarine or sub-estuarine sediments. 

From the BharwdraUte site, a traverse of just about one mile NE. 
brings one to the ford of the fairly wide river which debouches westward 
at the Ger, and wends its serpentinous way ESE. for qf miles, to gra- 
dually diminish to the dimensions of a stream and turn ENE, for anothei 
4 miles, to be identified at its source, as Aiaswana Jhar, This liver. 
for want of a loca^ name at Bhdrwara, shall therefore be caUed the 
Aiaswana Vokala. Its bed at the ford, I mile SW. of Bharwara, now 
almost completely dry, can scarcely fail to attract the attention ol the 
most casual observer. It is constituted by beds of b right -}’c] low limonitic 
limestone, eroded to reveal in relief the remains of closely crowded 
branched corals of a greyish-white hue, and undoubtedly represent^- 
a richly coralliferous zone, co-extensive with the base of the Bhdrwdralite 
series of Gdj (Miocene) deposits. 

The coral-zone is directly overlaid by a dark-brown very sandy and 
gritty conglomerate, which can be traced to gradually merge into thin 
beds of denuded miliolite, which cap the lo feet scarp of the Alaswdna 
Vokala, and form the superficial foundations of the large village of 
Bhdrwdra. 

From Bharwdra the return journey to the camp at Bukharla, was 
taken for a couple of miles ESE. along a tortuous cart-track, more or 
less following the north bank of the Alaswdna Vokala, and, for the most 
part over rough miliolite ground, up to the old site of the deserted village 
of Rangpur. Here the bed of the river, nearly dry, was crossed, and 
the journey continued SE. along a fairly good cart track leading to the 
north side of Bdkharla, — an additional distance of 2 J miles. It was ob- 
served that the surface of the ground on approaching Bdkharla from the 
NW., gradually lost its miliolitic character, and the presence of an aban- 
doned well-shaft on the roadside, | mile \\^N\\\ of the village showed 
an outcrop of a narrow dyke of intensely black and exceedingly dense 
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basalt, bearing unmistakable evidence of the outcrop of bedded lavas 
of the Deccan-Trap Series. 

It was therefore resolved, that upon the earliest opportunity, th: 
outcropping areas of the local bedded -lavas should be carefully noted, 
and accordingly, on the 17th instant, a traverse of the N\V. regions ad- 
joining the village was duly made. It was discovered that practically 
the whole of the land lying in the NW’. quadrant for a radius of fully 
one mile from the centre of Bdkharla, conbists of ' regur ’ soil with a 
small proportion of calcareous matter ; and that tlte soil overlies a very 
deep layer of subsoil, composed of beds of amygdaloidal and compact 
lavas liberally intersected by both wide and narrow dykes and veins 
of dense basalt of contemporaneous origin, i.c, of the bedded-lava 
period (Cretaceous). 

A scries of well-shafts that wert examined, were found to show the 
presence of a dyke of some jo feet in width, cutting vertically through 
the bedded-lavas from EXE. to WSW., and traversing the countryside 
for more than a mile above-ground at a distance of h mile N\V. by 
WNW. of Bdkharla. The soil, subsoil and partially decayed amyg- 
daloidal lava, pierced by the more enduring basalt of the dyke, yielded 
an ample supply of fresh potable water at a depth of about 30 feet, 
where it is presumed, the compact layer of the bedded da va was encoun- 
tered. An isolated well-shaft, situated I mile NX^^^ of Bdkharla, showed 
a thin superficial crust of miliolite, succeeded by decayed and then by 
fresh amygdaloidal lava to a depth of 25 feet, when water was reached 
upon touching the practically impervious compact zone of the lava. 

The specimens collected and registered during the current month 
up to the 17th instant are as follows : — 


Date 

Regis- 
i tered 

1 No. 

i i 

ProvUional Name. 

1 

Locality and Remarks 

27-10-15 

12d 

Mottled Kuuk. Jsanie dyko as 
No OS 

Summit. Bhatwaii Dhar, 5 fur- 
longfi NE by NNE. of Ranawao 
Station. 

S-11-15 

126 

! 

Mottled Pink and Grey Grano- 
phyre, with greenish, waxy, 
alteration products 

Probahly fallen boulders from 
Crags near Summit, now crowd- 
ed at foot of MorChupraDungar. 

8-11-15 

127 

Grey Grano phyre. Medium tex- 
tured and very tough and&trongj 

Gudazali Dhdr ; S. spur from 
Gudazali Dungar, opposite 
No. 4 Platform. Adatiana 

Heights Railway. 
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Date. 

Regis 

tered 

Xo. 

' Provisional Name. 

1 

Locality and Remarks. 

9-11-15 

i 128 

Compact Millolite-Conglomeratc. 

Surface beds, 6 in. to 1 ft . SE. 
side of Bakharla Village. 

9-11-15 

129 

Rubbly Miliolite-Conglomerate 

(Concretionary). 

3 to G ft. or more, underlying 128. 

12-11-15 

130 

Grey-brown Granophyre. Medi- 
um-textured. Very tough even 
when weathered. Fine large 

Quarry-site. 

Westward slope of nether part of 
Dhedhia Dhdr, about 4 m. NE. 
by ENE, of Bakharla. 

12-11-15 

131 

Clean-washed Fekitic Sand. 

Recesses in bed of hill-stream. 

Bt'd of Alaswana Jhar. on 8. "ide 
of S spur of Malak Dhar. 

1*2-11-15 

132 

Pale. Grey -brown Granophyric 
Felsite. Very hard and fairly 
tough, 

S. .slope of S. spur of Malak Dhar 
N Mdc of 131. 

12-11-15 

133 

Palo, Grey-brown Granophyre. 
Very fresh and tough. Good 
quarry-site. 

100 yds NW. of Sarwani Wao, 
S. spur of Malak Dhar. 

12-11-15 

j 134 

Coarse Grey Granophyre .Weather- 
ed brown> but still very diffi- 
cult to break with sledge- 
! hammer. 

On base of J m. long. S.W. 
of Malak Dhar. Large site for 
>eries of quarries. 

12-11-15 

135 

Coarse, Brown -grey Granophyre. 
Intensely hard and tough. Site 
for good Quarry near old cart- 
track. 

Extreme SW. spur of Mrllak Dhur, 

1 1| miles ESE. of Godhana 

13-11-15 

13G 

Consolidated Shell Sand. DwArka 
Group of Beds. 

Surface slabs overlj ing kitt ri^cd. 
Conglomerate. N. en<t of Ba- 
kharla. 

13-11-15 

137 

Intercalated Concretionary De- 
posit. Limy and Ferruginous. 

Between 136 and 138. 

13-11-15 

1 

138 

Latcrite and Laterised Conglo- 
merate. 

Underlying 13G at Bakharla, and 
137, about 200 vd'^. X. of 
Village 

13_11_15 

139 

Indurated Late rite. 

Surface, 300 yds. X of Bakbaila. 

15-11-15 

140 

Laterised Conglomerate of Milio 
lite-base. 

-J mile due West of Bakharla. 

15-11-15 

141 

Laterised Miliolite 

Same site. Overlying 140. 

15-11-15 

142 

Laterito '■ Iron-mines ” Site . , 

1 m W. of Bakharla. 

15-11-15 

1 

143 

i 

Laterite,Brow of rising ground . , 

2 miles W. by WNW. of Ba- 
khaila 
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Bate. 

Regis 

tered 

No. 

Provisional Name. Locality and Remarks. 

UVn-15 

I 144 

1 

t 

I j 

Decayed Bcdclcd-Lava .. . . bottom of 20 ft. shaft of 

well, 200 yds. SE. of Baba- 
deshwar Mandir, 3 m. WNW. of 
Bakharla 

I 0 -II-I 5 

145 

Laterised Conglomerate of Milio-iSame site as 142. 
lite-base. j 

15-1 ] -1 5 

146 

Fossil Coral from Gaj (Miocene),; Small excavated Mound by main 
Limestone-Conglomerate. Par- roadside. oppo«ite Bdbadeshwar 
tially overlapping Latcritc. Mandir. 

13-11-15 

147 

Gaj Limonitic-Limestone from'Same >ite as 146 

Conglomerate. { 

15-11-15 

148 

Dark and Light, PurpIe-hrownDverlyingLaterite at SE. end, and 
Limestone, of the DwarkaGroup, Overlapping Gaj Limestone at 

NE end of Bhado Dhar, 1| m. 

; SW by SStV.of Bharwara. 

ir)-ll-15 

149 

Gaj Liraonitic -Limestone. Pm -'Surface beyond NE. end of 148. 
daralite type. 1 to 2 It. thick. ! H miles SSW. of Bharwara. 

1 " 

le5-l 1-15 

150 

1 

Gaj Limonitic -Limestone. Bhar-'-lf m. SW. of Bharwara, 83 ft. 
waralite type : — Pale, uniform,' ridge, WNW. to ESE. for 
cinnamon -coloured stone. nearly J mile alternating slabs 

and conglomerate. 

15-11-15 

151 |< 

Coralliferous, Gaj L i m 0 n i t i c Bed of Alaswana Vokala, J mile 
Limestone. ' SW. of Bharwara. 

15-11-15 

152 : 

MilioIite-ba«e Conglomerate. .. Immediately overlying 151. 

15-11-15 

153 : 

Deep-black Dense Basalt. Narrow Abandoned well-shalt, ^ mile 
dyke through Bedded -lava. WNW. of Bakharla 

17-11-15 

154 ] 

Deep-black Dense Basalt 20 ft. From depth of 30 ft. well, i mile 
wide, outcropping Dyke. ! NW. by WNW. of Bakharla. 

17-11-15 

} 

155 i 

^mygdaloidal-Lava, exposed at, From depth of 25 ft. well, J mile 
surface. NNW. ot Bakharla. 


From the foregoing records it will be gathered that, from Bdkharla 
as a centre, the entire countr3side, for a radius of over 4 miles to the 
W., NW., NE., E., SE. and S., has been fully investigated, thereby 
leaving only the S\V. and a portion of the N. areas to be traversed. 
It was therefore arranged to cover the ground to the N. of the village 
during the removal of the camp to the hill-side hamlet of Godhdna ; so 
that at dawn of day on Sunday, the 21st instant, tents were struck, and 
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sent by the nearest cart -route to Godhana where they duly arrived at 
midday. It was growing dusk, however, before the camp could be 
pitched and arranged for work, on account of the difficulty experi- 
enced in 'C curing labour. 

Observations during the traverse from Bdkharla northward, showed 
that the whole of the ground between radii NW. and W., is constituted 
by outcropping, almost horizontally disposed beds of lava, intersected 
Ireelv by dykes and veins of contemporaneous, and occasionally by 
larger dykes of basalt of later, (probably Eocene), origin, for a distance 
of about milts. W estward, the bedded-lavas are capped by laterite, 
while eastward, they are thinly crusted over by deposits of miiiolite and 
miliolite-con glomerate, which increase rapidly in thickness to attain 
t heir-maximum of development, in the cradle of the Barda group of 
hilE. 

At a distance of nearly ij miles NW\ by NX\V. of Bakharla, the 
crossing of the now somewhat attenuated Alaswdna Vokala, reveals a 
thin shaloid deposit of compact miliolite-base conglomerate resting 
directly upon the denuded and deeply-weathered flows of bedded-lava. 
At other adjacent exposures however, the compact slabs of miiiolite 
conglomerate, show several feet of earthy and limy soft conglomerate. 
With large fragments of both miiiolite and \'olcanic rock imbedded therein, 
intervening. 

Pursuing the cart-track, NWh by NNW'. and swerving XWh for 
another mile, a new small village called Berdn, showed exposures of a 
rubbly and concretionary miholite-base resting upon decayed bedded 
lava ; and, with but slight variations, a similar structure of the super- 
ficial ground appeared to prevail all along the very flat plain for a couple 
of miles nearly due N. to the village of W' achhora. 

At W^dchhora itself, the bedded-lava, loses its crust of miiiolite 
so that a good regur-soil, improved by limy drift from the higher lying 
deposits of miiiolite, — around and about — , is available by localagricul- 
turists, right away eastward for about i j miles on the route to Khistri. 
A 50 feet deep well-shaft, midway between W" achhora and Khistri, shows 
fully 15 feet of soil and subsoil, above the beds of lava. At Khistri the 
stream which flows westward via W^ achhora and Bagwadar to the NE. and 
of the Great Ger, nearly 6 miles away, widens out into a kind of lacustrine 
valley where many Wild Date-Palms {Pheenix syivestris), flourish by the 
side of ponds full of water, when all around, even the streams lie dry 
and parched. This expansion from a hill-fed drainage source is called 
the Patario Vokala ; while the eminence on its southern bank on a level 
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with the village is pierced by a well-shafi, at the \V. end of the village 
which sliows beneath a scant}’ soil, about 5 feet of compact coarse milio- 
iite, overlying 10 feet of earthy and limy miiiolite -conglomerate, which, 
in its turn rests upon a surface of denuded and somewhat decayed bedded- 
lava. 

Nothing of note remains to be recorded concerning the geological 
structure of the countryside lying to the E. of Khistri, for the | mile 
between the latter and Godhdna, save that the miiiolite deposits grow 
tittully deeper at the surface on approaching the higher altitudes which 
('ulminate in the cradle of the hills scarcely one mile to the E. of Godhana, 
a little beyond which the limestone deposits come to an abrupt 
limit. 

On tlie western outskirts of the village of Godhdna, there is a large, 
heavily lined well, down to the water-level of which a flight of stone- 
steps formerly led, but were afterwards cut off from the shaft of the 
well by a very thick wall of masonry, on account of the substructure 
of the ground, which, revealed by the aforesaid stone -steps, cut down 
through the “ living-rock shows the following peculiarities : — ^The 
surface of the ground consists of thick but fissile beds of the miliolite- 
base, capable 01 being extracted in slabs of large dimensions, but rendered 
coarse in texture by numerous comparatively large grains of clastic ori- 
gin, probably derived from the wearing down of hypabyssal and possibly 
also of volcanic rocks. But, immediately underlying these compact 
beds, tliere is found to be a very thick deposit of rubbly miiiolite of very 
dense texture, and of a ruddy-buff colour, composed of corrugated and 
brick-like or shaloid slabs, loosely held together with earthy and limy 
matter, presumably deposited by percolating carbonated waters from 
above. This unstable stratum, which is exposed by the excavated 
steps to a depth of more than ten feet, naturally gives way when bored 
through, so that the walls ol the well-shaft had to be supported by thick 
masonry down to the water-level. The nature of the rock underlying 
the miiiolite, cannot, in the absence of reliable samples taken at the 
time of excavation, be specified, until the immediately overlying material 
has been microscopically examined. It can then, of course, be deter- 
mined witli certitude, whether the miliolite-base rests upon a volcanic 
or a hypabyssal foundation, by the presence of a predominance of particles 
of bedded -lavas or of the equally characteristic rocks of the felsitic or 
granophyric group 
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Camp-Station VU.-^Godhana. 

W, Outskirts of Village. 

T ents were pitched under the shade of a Pipal Tree, Ficu<i 
Tsiela, in a quiet spot about 200 yards \V. of the village of 
Godhdna on the evening of the 21st instant, and the following 
day was devoted to taking local observations, overhauling and packing 
specimens and making necessary arrangements for work in the neigh- 
bourhood. 

Godhdna village is fav^ourably situated but one mile distant from 
the base of the great westward group of hills centered around Malak 
Dun gar and its numerous important spurs and nether hills or ridges, 
which afford suitable sites for the extraction of economic stones in a 
variety of desirable textures and colours. 

The miliolite deposits at the village itself, are denuded practically 
to their very base, as instanced by the well-shafts adjoining and in the 
immediate neighbourhood of the camp ; where, upon investigation it 
was found that the limestone, sometimes horizon tall v and at others 
obliquely laminated, lies directly upon the bedded-lavas of the Deccan - 
Trap Series. On approaching the southern spurs of Mdlak Dun gar, i 
mile ESE. of Godhdna, the miliolite increases in thickness and improves 
in quality, being left in relief at intervals to form elongated mounds. 
The stone is of compact and fine texture and of a fresh pale-buff colour ; 
but is inclined to fracture into slabs of 6 to 8 inches in thickness, rather 
than into blocks suitable for the building of dwelling-houses. Due E. 
of the village, the cradle of the hills becomes deficient, so that the miliolite 
decreases proportionately in thickness all along the flank of the north- 
wardly trending nether ridge, which sends out sundry short westward 
spurs divided by drainage-chasms, which empty their waters towards 
Godhdna, where a high dam has been built to form an arc at the 
of the village, 3 furlongs in length, to serve as a reservoir, now dry, called 
the Hinkdsar Talaw 

Quarrying operations for miliolite, along the whole of the westward 
slopes of the nether N. and S. ridge of Malak Dungar, practically two 
miles, would be but of little avail, except, of course, desultorily for local 
needs. Indeed, upon reaching the limestone-limit, if miles NE. of 
Godhdna, the surface of the ground bordering the banks of the emerging- 
stream from Sij Jhiir (No. 2), the miliolite base is exposed in the form 
of stone crowded with grains and fragments of hypabyssal rock ; but. 



Narrative Report 


Ixi 


upon continuing eastward, along the base of the slopes and spurs from 
the northern end of the Mdlak massive, to the boundary of the State at 
Vandhra Jhdr, the superior terraces of the miliolite are left intact for a 
considerable thickness, amounting roughly to more than 30 feet at 
Vandhra Jhar, and may therefore be registered as a suitable site for 
future excavations if desired. 

The foregoing observations were recorded during successive journe\’S 
taken mainly on foot ; and, when available, by riding in gharry and 
bullock-cart, on the 21st, 23rd and 25th instant respectively. 

It now remains to report in detail, upon the results of those tra- 
verses with reference to the hitherto unexamined economic products 
of the mountain massive, as follows 

Returning to the southern spurs of iMdlak Dun gar ESE by SE. of 
Godhana, the disused cart-track one mile from the village and thence 
for half -a -mile through the belt of scrub, (Goddhna State -Jungle Reserve), 
was followed to the N\V. slope of a small spur, called Gured Dhar, which 
juts S\\\ from the main body of the ridge Dhorio Dhubho. Numerous 
large spheroids of severely weathered rock crown the summit of this 
emmence, which is approachable by carts at its base, and affords a 
fairiv good site for excavation by blasting. The rock is so intensely 
hard and tough, that only small fragments of somewhat weathered 
material could be detached with great difficulty by sledge-ham- 
mers. 

On examination, specimens were found to exhibit the extraordinary ; 
and, in granophyres, unique structure known to petrologists as orbicular^ 
which was first discovered in the ball-diorite or corsite of Corsica, called 
napoleonite in honour of the Great Emperor, but has since been found 
to occur ill other rocks and notably in certain of the granites of Sweden 
and the north-west of Ireland. The rock is of a greyish colour, and, 
to the naked -eye shows tolerably large crystals of white felspar, each 
sunounded by a deep-bordei of blackish radially-disposed needles of 
probably pyroxene ; so that the fractured surface calls to mind the 
aspect of a sclerodermic fossil coral, and, when polished, would yield 
rare ornamental stone of striking individuality, worthy of some special 
designation, which shall be given, so soon as the texture has been resolved 
and its mineral constituents determined under the microscope. 

About 100 yards N. of the above-noted site, the slope of Dhorio 
Dhubho, shelves down on to the plain below, showing the truncated 
ends of its huge columns as a bare face of solid stone, which would in- 
stantly yield a superabundance of fresh, sound material if shattered by 
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Cornish Powder, D\Tiamite, Ripping Ammonite or other powerful ex- 
plosive. This rock has been provisionally registered as a light-givv 
miarolitic granophyre, and is so exceptionally tough and hard as to 
need no recommendation on the score of strength and suitability for 
dock-work and road engineering operations generally, other than that 
which a fair trial would serve to elicit. 

Passing onward and northward along the base of the long nether 
ridge of Mdlak Dungar, observations show a deep gully called the Dude- 
da wali Jhar, i-|- miles due E. of Godhana, which takes origin at the 
heights of a SW. trending spur, the summit of which is marked bv up- 
standing columns of rock, locally known as Gabi Pir Dhur. Midwav 
on the slope a scar on the hill-side is laid bare by a cascade during the 
rainy-season, which exhibits a typical columnar jointing of the rock. 
Lower down the gully grows deep and wide, and offers an admirable 
site for quarrying ; but the intervening space densely overgrown with 
jungle -sc rub. and the steep and vcTy rugged nature of the ground before 
the plain with its cart-tracks can be reached, renders it, for the time 
being, almost inaccessible. Nevertheless, in anticipation oi future 
developments, it may be recorded that not only does an abundance of 
uniform material obtain, but that the rock is capable of being readih^ 
extracted in blocks of any desired dimensions for general building pur- 
poses, while the wastage could be profitably utilised as high-grade road 
metal. 

Petrologically. the stone has been registered as a fine-textured, 
strong and hard, trachytoid, light -grey granophyre. WLile tlie bulk 
of the material conforms to this specification, it was observed that there 
is a tendency m the mass to run into segregation veins and patches of 
quite a coarse dioritoid character, in which large and well-formed idio- 
morphic crystals are developed. Samples were accordingly secured 
for laborator}' examination. 

.Another, but north-trending spur from Gabi Pir Dhar, extends, like 
a huge crescentic rampart for nearly half -a -mile forming the summit 
and sides of a steep slope, crowned by columnar and spheroidal semi- 
detached boulders, which, at a favourably sheltered part, are naturally 
arranged to conceal a great hollow space, in which it is rumoured that 
outlaws formerly took temporary refuge. This Oriental replica of the 
famous Sleepin' Stanc in the Cairngorm Hills of “ Bonnie Scotland/' 
is said to afford ample accommodation for a score or more of persons 
at a time, and the entire formation has consequently been called 
'' Polahpana Bhint,” or Stone-hollow Wall. 
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The shelving wall or slope of Polahpana Bhint, runs steeply down 
to its base, where many immense boulders from the heights above, he 
Scattered in large and small heaps ; while the solid rock itself admits 
of being readily mined from the cart -traversed plain of jungle -growths 
below. It is thus clear that there is scope hereabouts, only one mile 
ENE. of Godhdna for the excavation of many large quarries. The 
stone has been registered as a very tough grey granophyre of medium 
texture, obtainable in practically unlimited quantities, and suitable 
for all situations where great strength, durability and an attractive 
appearance are desirable. 

Quite a number of small gullies and runnels drain the surface of 
this extensive expanse of rock, which in reality exhibits the ends of a 
closel3=' set series of gigantic columns cut obliqueh^ by denuding agencies. 
The waters of these streams unite to be discharged towards the S. end 
of the Hinkiisar Talav ; but the ridge of rock continuing northward 
gradually slopes down to horizontalh v at about r| miles NE. of Godh^na, 
to be rounded from the rear by a stream-channel called the Sij Jhur, 
(the second of this name) which runs south-westward into the north 
end of the Hinkdsar Talav. 

It has alreacH^ been observed while referring to the local distribution 
of the miliolite deposits of this neighbourhood, that only the basement 
beds of that series, crowded for the m.ost part with small and large frag- 
ments of hypab^^ssal rocks, are in evidence at the surface of the Sij Jhdr 
where it -emerges upon the plain. After crossing this stream and 
ascending to the heights of the spur immediately above it, the solid rock 
assumes a ver\’ rough and much weathered exterior and is proportion- 
ately difficult to break without recourse to blasting. Onl\’ weathered 
samples could therefore be secured, and these were registered as a coarse 
miarolitic granoph^Te of a browm-grey colour. It is highly probable 
that the miarolitic spaces in the rock, with their incrustations of free 
quartz cr^^stals and greenish and brownish decomposition products, 
are the results of merely superficial changes, brought about by the decay 
of the felspathic constituents and the redeposition from solution of the 
secondary silica and ferruginous colouring matter to partially occup^^ 
the vacant spaces. 

Descending from this eminence, to the lower levels and taking an 
eastward course through dense jungle growths on a deepening miliolitic 
ground, a disused and very rough and rutty cart-track was followed ; 
and, crossing the ravine called l\Ulak Jhar, the XW. slope of the highest 
summit of Malak Dun gar, was found to rise steeply to its crown of con- 
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spicuous columns. To the immediate W. of this lofty summit a second 
high-hill, confusingly called Mor Chiipra Dungar, rears its lesser head, 
and it is doubtless due to the difference subsisting between the physical 
bases of these two great elevations, that the great hill-like pile of boulders 
at their joint base, exliibits two distinct kinds of stone. The bulk of 
these gigantic boulders at the base are manifestly derived from the 
cliffs of Malak Dhar, and consist of a completely altered stone of a pale 
do v’c -colour mottled with patches of green decomposition products ; — 
the entire texture showing signs of being the highly metamorphosed 
representative of an originally coarse granophyre. The other fallen 
blocks, which apparently, were once in situ, near to the top of Mor Chupra 
Dungar, retain their pristine freshness, as an intensely hard, but brittle 
light-grey felsite which breaks with a typical conchoidal fracture, and, 
when greatly sunbaked, becomes quite dark, almost pur pie -black without 
losing any of its physical properties. For the present, neither of these 
stones can be profitably utilised, as it is a matter of some difficulty to 
even approach the site on foot. The lower le\’cls, are deeply covered 
with mdifferent miliolite, which supports a close growth of stunted 
Gum-Arabic Trees, Acacia Senegal, which at one time were utilised for 
burning into charcoal. 

Continuing on a eastward course over an ever rising ground of 
deepening deposits of miliolite, for about five furlongs through thick 
jungle growths, towards the boundary of tlie State marked by the deep 
gully called Vandhra Jhdr, a northwardly trending spur from the high 
ridge of Suli-na-Pani, called Vdsalh’d Dhar, which slopes down to the 
southern bank of Vandhra Jhdr, was next examined immediately above 
the limestone limit, and found to consist of a very fine and uniformly 
textured, intensely hard and yet tolerably tough stone of a fresh grey 
colour, practically unimpaired by prolonged exposure. Awaiting optical 
anah^is in the laboratory, this admirable stone has been registered as 
a grey granophyric felsite, and although at present so remotely if not 
inaccessibly situated, occurs in sufficient abundance to merit special 
mention in this connection ; as it is anticipated that at some future 
time, when the deep deposits of miliolite accumulated in the gorge of 
Vandhra Jhar are exploited, this excellent stone, which appears to be 
exactly suited to the requirements of monumental masons, will also 
be utilised. 

The bulk of the best miliolite deposits in the cradle of Vandhra 
Jhar, lies well within the boundaries of Porbandar State, and covers 
a subcircular area of about f mile in diameter. Traversing the ground 
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of these deposits which are exposed for a depth of about 30 feet by the 
north scarp of Vandhra Jhar, a we'^tward course was taken for i? 
miles through Na van a gar territory, towards Nagka, where the boundary 
of Porpandar State was recrossed, by the cart-road leading almost due 
for about f mile to the last named village. 

Half -a -mile E. of Nagka, a newly dug well-shaft was examined 
and found to reveal the following succession of rocks : — 5 feet of soil 
and whitish miliolite subsoil ; 10 feet of rubbly, indurated, russet- 
coloured miliohte ; 5 feet of compact blue-black basalt of the bedded- 
lava series. The water-level stood at 18 feet from the surface, show- 
ing a depth of two feet of water, oozing out of the arrested filtrate at 
the top of the practically impervious zone of compact lava. 

The superficial miliolite was found to gradually thin down toward- 
Nagka, where exposures were observed on the shallow scarped bank-, 
of the stream, called the Orio Vokala at the SE. end of the village. Here 
also, the bed of the stream was found to be crossed by a small dyke from 
ENE. to W’SW., of an almost homogeneous fawn-coloured rhyolite 
yielding both small as well as large blocks, by reason of their sub -rect- 
angular jointings. 

Southward from Nagka, the fertile fields for a mile or more are 
liberally strewed with fragments of rhyolite and miliolite, while the soil 
itself, is, for the most part, of the nature of regur or basic volcanic mould 
derived from the substratum of bedded -lava. The limy constituents 
of the soil are un quest ionablv traceable to the var3dng depths of super- 
ficial deposits of miliolite ; while the acid volcanic rhyolites must be 
regarded in the light of drift material chiefly from intrusive dykes and 
ridges in the immediate neighbourhood. 

At the small village of Bawawuo. one mile S. of Nagka which is 
irrigated by the Malak Vokala, and for the remaining miles to Gk)dhana, 
nearly due S., the ground becomes increasingly rich in basic volcanic 
soil, from the presence quite near and occasionally at the surface ot 
bedded-lavas and their contemporary dykes. 

Specimens added to the geological collection are 


T)atf‘ 

Rtgi"- 
to red 
No. 

1 

Provisional Name 

1 

Louditv and Remark^ 

j 



Miliolite- base Compact Conglo- 

Scarp or >ma]l '.tream, ak'Oij’ 



merate, resting directly on 

Hmilesm arlydue S. or Wael'.- 



decompobed Bedded -lava. 

hora Village. 


5 
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Date 

j R«gis 
tered 

1 No. 

j Provisional Name. Locality and Remarks. 

21-11-10 

1.37 

Coarse Miliolite -Limestone. Sur- About 200 yds. W. of the village 
face stone of Wel^^haft. of Clodhana. 

21-11-10 

i 

1 158 

! 

Indurated Rubbly Miliolite.' Same site as 157. 

15 ft. below surface of jrround. ! 

23-11-15 

159 

j 1 

; Pale-buS Miliolite of good quality 1 mile ESE. of Godhdna and J 
for thick slabs. mile from base of hills. 

2:1-11-15 

IGO 

Oibicular Granophyie. Spur runs, li mile ESE. by SE. from God- 
S. by SSW. Acees>ible to cart^i hana. Spur from Dhorio 
through Godhana Jungle -Re-' Dhubho called Gured Dhar. 
serve, ' 

2:1-11-15 

161 

Light-grey Miarolitic Grano-' Sub-spur at ba.^o of Dhoiio 
phyre. Good site for blasting.; Dhubho About 100 yds north 
Approachable by cart'. ' of KK) 

23-11-15 

162 

Light grey Trachytoid Grano- [ Dudedawali Jhar, Spur from CTabi 
phyre Fine textured ; Pir Dhar, LJ- mile due E. of 

’ Godhana. 

23-11-15 

163 

Coarse Segregation Rock . . , Modification of 162. 

23-11-15 

j 

j 104 

! 

Ch’ey Granophyre. Medium tex-I Along base of long Northward 
tiircd and very tough Exten-i Spur fromGabi Pir Dhar. 1 imh^ 
sive .'•ite for q name''. ENE of Godhfina, called Polah- 

1 pana Bhint. 

25-11-15 

165 

Miliolite-ba^c Stone, full of local' 1^ mlie NE. of Clodhana, border- 
fragments. De 11 ude d u r f a ct,' i ii g W . ba n k o f Si j J hd r . 

2.5-11-15 

166 

Coarse Miarolitic Granophyre. N end of W. Nether-ridge of 
BrowTi-giey and very tough. i Malak Dungar,. overlooking 165. 

25-11-15 

167 

Hicrhiy Altered Granophyre.| Ba^^e of N\V ^lope of Malak 
Main rock of Morainoid pile. | Dimaar. 

2.5-11-15 

.168 

Dark. Sunbaked FtJsite. Drift 1 Slightly W of 167, 
from Mor Cliiipra Dungar. 1 

25-11 15 

169 

Light -grey Felsite giving good Seme site as 168 
coiichoidal fractures. 

»,o— 1 1 — lo 1 

1 

no 

C4rey Granophync Felsite, Fine- Spur from Va^aliya Dhdr, over- 
textured. verv hard and tough, i loo kin l: N bank of Vandhra 

j Jhar 

25-11-15 

171 i 

1 

Mdiolite-ba'c Lime'tone. Russet;! 10 ft from surface. Well-shaft 
indurated. With lava fragments. ]- mile due E. of Nagka. 

2.5-11-15 

172 i 

Compact ei Bedded-lava. IS ft. below surface Immediately 

un deriving 171. 
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! Regi?- 
Date ’ tered 

i Xo. 

i 

! 

Provi&iona] Xame. i 

_ i 

! 

1 Locality and Remarks. 

i 

25-11-15 j 173 

• 1 

Fawn-coloured Rhyolite of appa- 
rently homogeneous texture 

1 ' 

1 

i Dyke ENE. to WSW. 

I Orio Vokala at SE. 

1 village of X5gka 

crossing 
end of 


Shortly after break of day, 7-30 a.m., on the 29th inst., tents were 
struck at Godhana, and despatched by carts along the shortest route 
via Khistri and AVachhora to the town of Khambhodar, where they 
arrived at 12-15 p.m., after a journey of 2J houi-s ; but tents were not 
pitched and arranged until 5 p.m. As most of the ground covered by 
the carts had already been traversed, the route to Khambhodar, taken 
by the Director, was arranged to pass over entirely new ground, partly 
on foot, as follows : — 

From Godhana the northward cart-road was lohowed for about 
J male, and a prolonged halt was called for the purpose of examining 
the geological structure of a long, low ridge which was ascertained to run 
approximately S. by SSE. to N. by XNW. from a spot 3 furlongs NE. 
by NNE. of Khistri for a distance of 4] furlongs. The ridge is about 
I furlong broad at its S. end, but gradually diminishes in width as it 
approaches its N. termination. Observations show that the rock of 
this prominent dyke consists of an apparently uniform-textured, com- 
pact and apparently homogeneous sub- vitreous rock, exhibiting a do- 
minant fawTi-colour. The mass is vertically and transversely jointed 
to disintegrate on weathering at the surface, into a sub-rectangular 
small shingle at its sides and into larger blocks, — ^sometimes 2 to 3 feet 
across, — towards the central portion of the mass. These large blocks 
when broken, show a tendency to spheroidal shrinkage, so that they do 
not possess any pronounced “rift,’" or property whereby large flat sur- 
faces are capable of being readily secured ; but break with a conchoidal 
fracture, and frequently become splintery by the unseen joints or bnes 
of weakness developed in divers directions. The stone however, is 
easily workable with ordinary hammers, into small building-blocks ; 
while the wastage or rubble of sub-rectangular shingle, would furnish 
ideal clean-kccpmg material for placement between railroad sleepers ; 
but, although im questionably superior to rubbly, indurated-mliolite 
or consolidated shell-sand as a road-metal, the material by reason of 
its sub-vitreous nature, cannot of course, be classed by the side of 
even felsite. for macadamising permanent iiighways. 
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Capable of receiving a high polish, the delicate fawn-colour of the 
stone ought to find favour for its emplo^Tnent on a large scale by manu- 
facturers of fancy-tiles, clock-cases and other small ornaments. Upon 
investigation, however, it has been found that the original colour of 
the fresh-stone from the lower depths of the dyke is of a very pleasing 
grey hue ; but that this becomes changed into deeper and lighter fawns, 
shading off into purples and browns and sometimes minutely mottled 
with specks of olive, according to the degree of sun -baking to whicli tlie 
stone has been subjected season after season. These changes, doubtless 
due to a ternating monsoon and hot-weatlier conditions, however, do not 
appear to have caused any decay or decomposition, except at the verv 
surface, to the general texture of the material ; w’hich, if anything, is 
rendered a trifle harder by the alteration. 

Towards the edges ot the intrusive mass, found in contact with the 
bedded-lavas through which it has been forced, the rock acquires a darker 
colour and becomes indurated and glassy and frequently exhibits a 
closely striated or flow structure, which coupled with its lighter colour 
and other phvsical properties, serves to place it among the group ot 
acid volcanic lavas called “ rhyolite." This banded-variety, at and 
near the zone of contact-metamorphism, outcrops at the extreme S\\\ 
end of the ridge, 3 furlongs NNU\ of Khistri. 

A small stream skirting the SE. side of the rhyolitic ridge, wend^ 
its way tf) Khistri valley, and its dry bed and scarped banks, at 
this time of the year, show's an inch or two of compact miliolite-bast: 
stone, overlying a foot or so of rubbly miholite conglomerate full of 
lava-pebbles, o\'erlying the denuded subsoil of the main -body of bedded- 
lavas below\ 

Passing north-eastward to the ford across the stream, IMdlak V^okala, 
at the village ot Biwawaio, and thence, along the N. bank of the water- 
course, a small, 30 feet wide, dyke of dark fawn-coloured trachytoid 
rhyolite of uniform texture w'as located, about 300 yards \\\ by WN\\\ of 
Bdw'aw'do taking a direction from ESE. to \\'N\\\, and evidently forming 
a branch of the main dyke of rhyolite wliicii outcrops to the NE. of 
Khistri, terminates above-ground 4I furlongs farther north, and re- 
appears in form of a loo-yards-wide, low ridge, just J mile E. of B.lwa- 
wao, called Pariu Dhar. 

Paria Dhar itself, runs almost due N. for fully | mile. It is con- 
stituted by a particularly fresh trachytoid rhyolite of compact, uniform 
texture, and a pleasing grey colour tinged wdth purple — the purple imt 
being manifestly superinduced by sunbaking. Ample sound blocks ot 
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tolerably large dimensions are available ; but these, like all other rhyo- 
lites, are prone to break up into sizes not much in excess of an ordinary 
brick. Such material has been extensively used for building as well 
as for paving in the United States, with entire satisfaction. At the 
southern base of Riria Dhar, a zone of contact metamorphism is exposed, 
where the stone becomes almost purple-black in colour, splintery and 
glassy and frequently finely banded. 

Still farther south, the ground is thickly strewed, over a consider- 
able area, with weathered-out spheroids of dense blue-black basalt, 
each bearing numerous very thin shells, concentrically attached, of 
decomposed earthy iron-ore. The nuclei of these spheroids preserve 
their pristine freshness ; while all that remains of the interstitial stone 
which once held the spheroids together in columnar series has vanished 
into soil, save the thin shells of hard, brittle, oxidised matter. The 
spheroids vary in size from about 3 inches or less to 6 inches and over in 
diameter ; and, from similar occurrences in other parts of the Province, 
It iS probable that they once formed an integral part of a great basic 
dyke of volcanic matter extruded immediately prior to the cessation 
ol eruptions in the Eocene era. 

The specimens gathered during tlie above-noted traverse have 
been registered as follows : — 


Date. 

1 

! Regis- 
tered 

1 No. 

Piovisional Name 

1 Locality and Remarks. 

1 

2a-iJ-i5 ^ 

1 

174 

1 Pale Fawn-Coloured Rhyolite, 
1 with flecks of white (felspar ?). 

S. end of S l>y JSSE to N. by 
NNW. Ridge 3 furlongs NE by 

1 NXE. of Khistri. 

211-1 ]-1.3 

1 

175 

1 Puipk -fawn Rhyolite v> i t h' Altered variety of 174. from the 
mottling specks oi olive hue | same site 

29-11-15 1 

176 

Indurated Dark-brown BandedlsW. tdge of Ridge. 174. 

Rhj'olite Contact zone of 

Dyke j 

29-1 1-15 i 

177 

Compact Miliolitc-basc IStone. 
Denuded to only a very thin layer. 

Bank-top of small stream, 100 
yards E. of 174. 

20-11-15 1 

1 

17S 

Rubbly MiIiolit(‘ -Con glomerate . ^ 

Immediately underlying 177. 

29-11-15 1 

179 j 

i 

Dark, Fawn-coloured, Trachy- 
toid Rhyolite of uniform tex-' 
turc . J 

300 ^ yards W. by WNW. of 
Biiwawao. Dyke runs ESE. to 
WNW. 
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R-egis. 

Date. tered Provisional Name. 

Xo. 


Locality and Remark^* 


29-1 l-lo 180 Grey Rhyolite, Trachytoid and Pd rid Dhdr. -J mile E of village 
’ tinged ^^’ith Purple Uniform of Bdwawdo 
I texture 


29-11-15 181 Dark, Indurated, Banded Rhvo- 

1 lite 

29-11-15 i 182 I Basalt Spheroids. weathered 
' I out of Later-senes Dyke 


Contact -zone xt S b^^e of ISU 


S base ot Pdrid Dlidr, S of 
Rhvolite Contact -zone 


DIGEST OF DIARY. 

December, 1915. 


Camp-Station VIII."Khambbodar. 

SE. Outskirts of tht Toion, 

T exts having been pitched on a satisfactory level patci: of 
ground, shaded by a large clump of well -grown Pi pal- trees . on 
the SE. outskirts of the town, adjoining the northern bank of the 
Paisani Nuddv, a general geological reconnaissance was made on foot 
over the countryside, for a rad;u^ of about a mile from the centre of 
Khdmbhodar on the ist instant. 

It was found, mainly by observation of the exposures eroded bv 
the Paisani Nuddy, now nearly dry, that the fast thinning crust of milio- 
lite noted at Nagka gradually dwindles down westward, to be represented 
on reaching the State-boundary near the old -site of Temri and the new 
village of Nutwarpura, — so called in honour of H. H. the present minor 
Ran A Saheb of Porbandar, — by more or les:- of drift -material, some- 
times deeply imbedded in the thick stratum of bedded -la v^a soil and 
subsoil. The abundant ‘ regur seasoned with a fair proportion ot 
lime from the miliolite-drift, and perchance a trifle of felsitic earth 
washed down from the Barda Highlands, barely 5 miles to the east, 
affords excellent, easily cultivable ground for the cotton-grower or 
cereal agriculturist. 

The clerk of the Department, as Camp-manager, having been 
despatched to headquarters, with work for the mechanic, and to 
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attend to monthly accounts, the work in camp was directed to the trim- 
ming, registration and packing of the numerous specimens secured for 
the State Geological Collection ; to the compilation of part of the Second 
Quarterly Report, and the colouring of the Geological Chart. A second 
journey to Porbandar was also necessitated through the absence without 
leave, of the peon who was left in charge of the Bungalow. An impor- 
tant excursion was thereafter made on the 7th inst., the results of which 
were recorded as follows : — 

By draining the north-western slopes of i\Ialak Dun gar, to emerge 
at the base of tlie hills as Malak Jhdr, and thence westward past Bawa- 
WHO as Malak Vokala to form a confluence with a lesser stream from the 
heights of Vandhra Jhar, at the village of Rojhra in Navanagar State, 
the Paisani Nuddy thenceforward swerves south-westward to widen 
out into a low-terraced valley immediately to the south of Khdmbhodar, 
to finally debouch into the Ger or brackish-marsh, about a mile SW. 
of Kindarkhera as a diminished stream. As a very rapid and turbulent 
watercourse during the monsoon the river has frequently channelled 
Its course deeply at many places, thereby revealing scarped exposures 
of 10, 15 and even over 20 feet, which help, in no small measure, to 
disclose the geological structure of the superficial formations for a distance 
from east to west of close upon nine miles. In traversing a course alone 
the banks of the Paisani Nuddy from Khdmbhodar, via Nutwarpura 
and the site of abandoned Temri to Rojhra in Navdnagar State, the 
ground presented a fair and fertile aspect, by reason of its deeply decayed 
superficial bedded-lavas, strewed with miliolite-drift, with signs of but 
a few minor dykes of decomposed basalt, and sundry exposures of the 
dry-bed of the river, showing the surface of the bedded-lavas as either 
rudely columnar or polyhedrally jointed. 

At Rojhra, a familiar outcrop of lithiodal rhyolite with a narrow 
(2 to 3 feet) differentiation of black, glassy obsidian was inspected, 
with a view to instructing the members of the excursion party what 
to look for, while subsequently traversing similar ground a little later 
on. The Rojhra rhyolite unfortunately vanishes underground in an 
eastward direction ; but doubtless forms part of a WNW. diverticulum 
from the rhyolitic ridge noted in last month’s report, as Pdria Dhar. 

Continuing from Rojhra ENE. along the cart-road to Ndgka, a 
halt was called 1 m. S\\ . by \\ S\\ . of the last-named village, in crossing 
over a barren rocky ridge plentifull}’ strewed with large fragments of 
ruddy-brown sub-angular shingle. Bearings were taken, and it was 
found that this ridge, with but a couple of small interruptions, is in 
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<lirect continuity with, and precisely similar in all essentials, with the 
rhyolitic rid^e of Fin A Dhar. Samples nevertheless were taken, and a 
keen outlook kept lor the anticipated outcrop of a band of obsidian 
as a few stray pieces of tliat rock, in appearance like that of lumps of 
roal. had been detected among the shingly debris lying on the ridge. 

A broad offshoot of rhyolite from the practically X. and S. ndge. 
wa"' traced taking a \VN\V. direction for about three furlongs above- 
ground «ind to then disapjx^ar below ; but the rhyolite was thereafter 
toiind to reappear a mile and-a-quarter farther along in Xavanagar 
State : this time, however, m the semblance and with all the structural 
< liaracteristics of a sheet or lava -flow. 

W'hile tracking the northward course of the main rhyolitic d\'k(‘ 
irom I mde WSW. of Xagka to its apparent termination 500 wan Is \\\ 
by \VX\\\ of the village, it was noticed that the stray fragments (M 
obsidian were met with, amid tlie superficial shingle of the d\'ke, mon- 
frequentlv ; and it was therefore expected that an outcrop thereof would 
<oon be detected. In swerving slightly eastw^ard, the dvke is eroded 
to its \'ery centre by the cdiannel of the Orio \'okala, and affords therebv 
an exceptionally good view of its sub- vertical columnar jointing of 
wliich a photograpli was taken. It is thereafter obscured by a deep 
kiver of soil ; but manifestly narrows dowm, to be re-exposed in a remark- 
able manner by the erosion of a tributary nala to the Ono Vokala, some 

\ards \VX\V. of Xagka. 

At this part, w'hich is evidently the termination or forked termina- 
tion of the dyke, the banded character of the rhyolite becomes extremelv 
perfect, being differentiated into zones of fissile black obsidian, inter- 
calated wath much jointed slabs of liighly indurated lithoidal rhvohte : 
the tan ire mass being characteristicaliv contorted by its flow through 
a smiious fissure. Samples from each part of this excellent exposure. 
Together wath portions of the country-rock (reticularlv-jointed bedded- 
lava), near the zone of contact were securerl lor microscopical 
i xamination. 

After a general survey ot the ground fi>r a radius of nearly a mile 
to the X . XE and XW. of Xfigka up to the surrounding boundaries ot 
the State, which revealed a -uperfices of bedtled-lavas, more or le>s 
incrusted wath deposits of imliolite, the X\\\ cart-road was followed 
be vend the State limit to Hathia in Xa\Mnagar territorv, and from 
thence, crossing the boundary | mile \VX\V , and \ mile farther in the 
same direction, the village of Kiinwadar was reached. From Kuiiwadar, 
southward for yf nnle> back to the camp at Khambhodar. the country 
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presents a wide stretch of level plain composed ess('iitKill\ ol deep PTtde 
soil derived from the bedded-Iavas below ; tlK‘ onl\ noteworthy obsei- 
vation made, beinsi tiie occurrence of a dvke of excessively dense, (hep- 
black basalt, varyiiiL; from lo to 20 leet or se in width, and level with 
the surface of tlu' land, winch takes a (’ourse from E to W' , slii^ditlv 
trendily^ WNW. AIon^Lt this dyke, stwaral well-sliatts, (sedi yielding 
an abundant siipjdy of limpid watei at a d(‘ptli ot souk* jo le(‘t,w'(‘re 
sunk, and the dyke itself was said by local Inboiirci'^ to extend ior Inllv 
0 miles westward riglit up to tlie village of bish, and Ixwond 

Specimens added to th(‘ StaU‘ Theological ( OIItM tioii au‘ duj\ irgis- 
tered as follows : — 


Re-0- 
Datr tt'ied 

Xo. 


fVo\i>-io]ia] Naiae 


L<m .lilt V and licfiMi K-- 


1-12-1 a 182 

7-12-15 ; 1S4 

7-12-15 I 185 
7-I2-I5 i ISd 

7-12-15 I 187 
7-12-15 t 18s 

7-12-15 Isfl 

7-12-15 mo 

7-12-15 l!d 

i 

7-12-15 j m2 
7-12-15 ( ire; 

:-]2-J5 mi 


j)nf(, thirkh -trowed KhanihlKjdat tiid 


on ''UrtdC(‘ diid (k oj>ly imhiddcd 
in -nil 


Lithoidal 

Rh\ ojjte 

with riow- 

-true tine 

Pale 

hniwn-irrey 

ainJ -unhaked 


Lithoidal 

Rh vohte 

Sunbaked. 

pale o]own-gio\ 

Uni form 

texture 

Lithoidal 

Rhvolite 

Sun baked 

purpli-h 

dyke 

20 ft 

hioh >lo[)inL' 

Lithoidal 

Rhyolite 

Xiieleu- of 


woiC hrrrd-uiit “'phrroid 

ITindf d Rliyilitn Siinbnk<<l 

I 

Band'd Rli\n!ite Bandinit <lii< 
tn -[illrrnjdal -inKturr nl 
rolnni n- 

j r51a( k tlli-idian Tcrinjnal i>art 
j dvkr 

lndnrat<‘d KhyohTt 
■Indurat'd Rhy‘>lin 

H»'dd‘’dd.i\a, r( tirulady joint' d 
Alter' d hv < nntarf with til)-! 
<iian 

] r-n-o. 1 >• ' ]olt].i( k Ba-alt JKki 
rtin- E to W to noar Si-li 


Xut w.ir |un.i 

^ mile \V hv WSW nl X.l-ka 
Low lid^n Slojune^ 

I d^n dvkn from EsE tn 

wxw. 

eVntjnof Dyk»* lS4 Mfa k- 

availalilo hy hla^tin^ 

^ in S\V of Xaaka (‘(ntir 'd 
dykn Lrini*', unifornet'-At nred 
hinek- 

Sinpr of dykr. ISO T-* d>nw 
.it mo- jih' i ](■ altf I. It i«'Tj 

Iko" d\!»’ ^ ri, WSW of 

Xa^ka 

La r olunin- ' \f:n-( d l)V » : < ' mui 
S t roam. 500 vd- W ii\ \VN\\ 
of X.l-ka 

E\[>n-»(1 li\ ♦ ro-]on o} n.d.i. 
550 yd- WXW of NMcrka 

Infoo alat* d witli 1 OO 

Contaft Und<rl\]ne IPO 

Centart /"H' 1 » ]ox^ 10(r and 1**2 


WolLdinlt. 2e ft d- • o j nuJ. 
' of Knnwadar 
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Enforced camping at Khdmbhodar, during which this report was 
written, was occasioned by break down of the gharry, due to prolonged 
driving over very rough ground. 

Tents were struck at Khambhodar at 7-30 a.m. on the 12th inst., 
and the jonrnev northward taken to Sodhana, where considerable delays 
were occasioned in finding a suitable site for the camp and getting the 
requisite help ; so that it was past 5 p.m. before tents were pitched in 
readiness for occupation. 

ProceecVng along the XXW. made-road for a distance of approxi- 
mately 3 1 miles to the village of i\Ia]iwana, frequent stoppages were 
made for the purpose of examining cuttings and natural exposures by 
the way and the following entries were made in the field-book The 
ground from Khambhodar, which consists essentially of a deep layer of 
decayed bedded-lava tempered with more or less miliolite drift,, grows 
gradually less calcareous farther and farther north simultaneously with an 
almost imperceptible rise in the level of the land, when the miliolite debris 
practically disappears ; so that the well-cultivated cotton and other 
grounds on reaching the highest level of 10 J feet above datum, at 
miles XX\\'. of Khdmbhodar, is of the nature of ‘ regur ' or pure volcanic 
soil of a pronouncedly basic character. The depth of this fertile soil 
varies from 3 to o\'er 6 feet ; while the subsoil averages about ten feet 
or so, before tJie zones of sound bedded-lava are reached Subordinate 
dykes and veins, much decayed, but easily detectable, by reason of their 
closely-set transverse joints, appear on a level with the surface every 
here and there. Thev are probably contemporaneous structures, but 
not of sufficient importance, either to the scientific inquirer or rural 
economist to merit further notice. 

At the highest level, which spreads out E. and in semblance 
of a low ridge, miles XXW. of Khambliodar, there is a road-side 
Dharamsala, at the back of which a deep well -shaft has been sunk, which 
shows from 10 to 12 feet of soil and subsoil, followed bv beds of lava to 
the total depth, from the surface, of ()6 feet the present water-level 
standing at 60 feet from the top of the well. This, and other records 
of a like character, are, and will be noted, as having an important bearing 
on the underground water-supply of a countr\’side chiefly constituted 
by accumulations of bedded-lavas. 

There is a decided declivity proclaiming the ridge-like character 
of the ground on its northern aspect, and this is succeeded by a gentle 
rise about 5 furlongs farther on the XXW’. main-road, which thereafter 
slopes gradually downward to a level of 65 feet above the sea at Miiji- 
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Wcina, where observations were taken on the north side of the village 
at a succession of well-shafts, reputed to yield unfailing supplies of good 
drinking-water. These well-shafts were found to yield plenty of water 
at a mean depth of 40 feet from the surface, with about 6 feet of water 
below that level. They were further noticed to be sunk on the line of an 
almost vertical dyke of very dense, deep black basalt, running from E. by 
ESE. to by WNW., and thus verified the statement that the dyke 
IS continuous with that previously observed immediately to the south of 
Kunwiidar nearly 2 miles farther east, and rumoured to rise intermittently 
and then continuously above ground as far as Sisli and beyond. 

This Kunwadar-Majiwana-Sisli dyke, as it may be specified, varies 
considerably in width ; — from 10 to 30 feet or more. It is typical of the 
narrower series of d\'kes of the later (Eocene) period of eruptions from 
the Barda focus, in having its closely columnar joints, transversely 
di\’ided by intense lateral compression, to give birth, upon weathering, 
to a sub-rectangular or polyhedral medium-sized shingle of from 3 to 6 
inches or so across each section. Prolonged atmospheric reactions, 
further reveal the pre-existence of spheroidal shrinkages in each poly- 
hedron, which can thus be reso]\Td by a hammer into an excessively 
hard subspherical nucleus, surrounded by concentric shells and inter- 
stitial altered and decomposed matter. In this condition, the excavated 
dvke-rock ought to furnish excellent ready-made macadamising material 
for roadways, \^astly superior to hard limestone rubble ; but, of course, 
not so durable nor adapted for heavy-traffic high-roads, as ordinarily 
fresh granophyre. 

When the polyhedra, according to sizes, are simply smashed into 
two or more pieces, the practically fresh and sound nuclei, need not be 
freed from the shattered, iron -bearing shells nor crumbled, decomposed 
interstitial earth ; for these will be found useful to serve as packing lor 
the '‘metal ”, which, when watered and rolled, would instantly settle 
down into a consolidated level surface, capable of resisting ordinary 
wear and tear, with but occasional repairs, for many, — say 3 to b years. 
It was observed that some of this material, presumabl}^ from the well 
shaft excavations of Majiwjina, lias been desultorily used on the adjacent 
high-road, which has thus been unconscioiish* maintained, at places, in 
excellent condition at small cost ; but, alas \ it was also observed that the 
metal at other places was largely adulterated by semi -decomposed 
bedded-lavas from the subsoil of their immediate surroundings. 

Special attention is being devoted, whilst traversing the bedded- 
lava regions of the State, to the outcrop and course of the dykes likely 
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to have a direct bearing on the artificial irrigation of the land. In 
connection with this subject and particularly with the choice of suitable 
sites for well-sin king, Fedden in a footnote at page 33, of las Memoir 
on the Geology of Katliiawar, writes : — “ It was observed that the 
agriculturists sink their irrigation wells along the dykes, tracing out 
their course with great assiduity ; they are almost invariably’ rewarded 
by tlie wells yielding water at a depth within 15 to 20 feet of the surface. 
In some instances it would appear that the joints and cracks in the 
dyke -rock communicate with some deep-seated water-bed ; in otiier 
cases the dykes seem to wall up, and keep in on one side, the water ot 
the adjoining strata/’ 

Samples of dyke-rocks, will in future be taken with a view to deter- 
mine whether there are any features that may serve to distinguisli the 
later from tlie older series of eruptions, or to point to the presence of a 
11 tfli sable underground water-supply. 

Onward from Majiwana to Sodhana, little or nothing of note could 
be observed be3'Ond a continuity of sameness in deep fertile bedded - 
lava soil. The main -roadway takes a dip to form a level-crossing over 
the bed of tlie wide Wartu River, which is here obscured by a deposit, 
ot natural riprap ; while the well -shafts that were peeped into cn route, 
right up to the town of Sodhana disclosed naught be von d deep soil, 
still deeper subsoil and beds of lava too far clown to be acccs-ibie ior 
sample collecting, but plainly seen to be constituted bv successive zones 
of amygdakjidal and compact lavas. 


Camp Station IX.— Sodhana. 

Small Field, 150 yards SSE. of the Town. 

A fter considerable delays, occasioned by ininting in v’ain 
jor a good camping site, tents were pitched on the 12th instant 
:n a small uncultivated field partially hedged in by thick growths 
ol the Milk-bush, Eitphorhia Tirncalli, and the equally objectionable 
Prickly Pear, Opuniia Dillenii. It was therefore dark before things 
(.oil Id be brouglit into good order. 

Sodhana was selected, alter much demur, a"> the most suitable 
centre for geological operations in this remote and awkwardly situated 
portion of the Porbandar State ; inasmuch as tlie land to eastward 
stretches in form of a comparatively narrow cul-de-sac into the adjoin- 
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ing State of Navanagar ; and, from the previous experience of the 
writer, is not likely to yield any specially noteworthy results other than 
those in confirmation of the fertility of its well-watered soil and agri- 
cultural resources. 

To trav'erse this secluded stretch of land speedily yet satisfactorily, 
arrangements were made for the following long excursion on the 14th 
instant : — A southward course was taken and a stoppage made about 
mile from Sodhfina Town, where a fairly deep layer of detrit.al soil 
had been desultorily removed for the purpose of quarrying out blocks 
of coarse, but compact rubbly-miliolite for local use. The miliolite 
was found to be denuded down to strata of barely more than three feet, 
resting upon decayed bedded-lava ; while the wide plain above remained 
uncultivated on account of being periodically flooded by overflows 
liom the River Wartu, J mile farther south. The fertile ground how- 
ever. is over-run by growths of Tanner's Cassia and Wild Indigo 
plants. 

Following the cart-track to the ford across the River Wartu, 
miles SSE. of Sodhiina, the broad bed, (150 \^ards across), of the river 
which runs E. and \A'. at this part, was found bordered by long and deep 
pools of water, overshadowed by scarps of bedded-lava soil, from 10 to 
12 feet higli, affording a good feeding ground for many mallards, shovel- 
lers, teal and other birds. The river bed of decayed bedded-lava was 
thickly covered by enormous quantities of sand of a very mixed character 
with patches of pebbles and riprap. 

Skirting the south bank, the journey was continued eastward and 
then EXE. to the village of Morana, where an examination of well-shaft.- 
showed homc 4 ieet of solid miliolite at the surface, overlying rubbly- 
miliolite and milioktc-conglomerate for another 8 feet ; — the wholerest- 
ing upon a substratum of decayed bedded-lava, with the under- 
ground water-level at 17 feet below the surface. 

From jMorfina- village, a walk northward for about 350 yards, re- 
diselosed the channel of the River W'artu ; but this time its bed was 
found to be bare, and upon close examination, showed an exceedingly' 
decayed zone of amygdaloidal lava, covered by a partially denuded but 
still fairly Iresh zone of compact, basalt, closely cleav'cd at places and 
generally exhibiting a sub-columnar or small cuboidal structure. Care- 
ful scrutiny of the zone of contact between the amygdaloidal and its 
superjacent compact lava, revealed a thin selvage adherent to the latte: 
of tachvlyte, a goodly portion of which had been altered by devitrification 
into a lithoidal condition. 
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Continuing EXE. for two miles to Parewara, the River Wartu, 
takes a northward crescentic bend, and, save for its steep X. scarp, 
capped by deposits of miliolite, no further structure was observable, 
as the channel of the steam became increasingly filled with water. The 
picturesque village of Bhomiawadar, perched on the high brow of the 
northern scarp of the watercourse, five furlongs farther to the XE. from 
Parewdra, could only be viewed from across the river, as the declivity 
to the former ford directly opposite to the village was dangerously 
steep ; so that a roundabout detour had to be taken to approach 
the ford some 500 yards farther east. 

At Bhomiawadar, both banks of the River \\^artu exhibited scarps 
of about 20 feet high, with from two to three feet of coarse but compact 
miliolite at the top, forming the foundation of the village. This stratum 
overlies a very variable, yet considerable thickness of false-bedded 
gravelly and pebbly basement indued with limy matter, whicJi in its 
turn rests upon a coarse rubbly or brecciated conglomerate, directly 
overlying partially weathered beds of lava whicli form the floor of the 
shallow stream. 

A particularly uninteresting drive was taken XE. for fully iliree 
miles to the village of Simar, where, as at Bdkharla, there appears to 
be an excellent State Bungalow, monopolised as Police-quarters. During 
the drive it was found that the iin denuded miliolite forms a band of in- 
significant width, surrounding the course of the River Wartu, but rapidly 
diminishes to nil northward ; so that at less than half-a-mile XE of 
Bhomiawadar, not a vestige of calcareous rock remains. ^Vell-sha^ts 
hereabouts, show the water-level at a depth of 15 feet, througli 12 feet 
of soil and 3 feet of subsoil. Yet Iialf-a-mile farther XE. the ground 
assumes the aspect of a rock- plain, with but little soil ; — the country- 
rock being altogether of the nature of decaying bedded-lava, reticularly 
jointed. Only one dyke of any consequence was found, consisting of 
a dense blue-black basalt, some 30 feet wide, running from SSE. by SE. 
to XXW. by XW., about 500 yards SSW. of Simar. Such dykes are 
marked on the map by thin red lines. 

Reticular or polyhedral jointing, first so called by the writer, is in 
reality but a modification of the columnar form so generally recognised 
among rocks of igneous origin. It arises manifestly by the abbreviation 
of the transverse intervals, which usually divide the master-joints of 
the columns in rocks of both deep-seated and superficial consolidation. 
The reticulation may be on a minute, even microscopic scale, or may 
divide the mass into polyhedra of an inch or two up to as much as a 
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foot or so across. When developed on a larger scale, the reticular merges 
into the evidently columnar style of jointing. 

Now, practically the whole of the countryside between Bhomia- 
wadar and Simar, — which rises in its level so noticeably as to affect the 
vegetation, to wit, by the frequent appearance of the Bastard -Teak, 
Biilea frondosa, now becoming conspicuous by reason of its flaming 
vermilion blooms,— consists of bedded-lavas, more or less reticularly 
jointed, and this facies continues to prevail from Simar as a centre 
to all points of the compass cut by the boundaries of the State, with the 
exception of sporadic eminences capped by insignificant deposits of 
miliohte or the miliolite-base that have escaped denudation. At certain 
places, the reticulation, notably ?, mile SW. of Rojhiwdra, becomes so 
fine, that, when weathered sufficiently, the country-rock disintegrates 
into small grains which ultimately grow powdery. At other parts^ but 
a few yards distant, the polyhedra and their nuclear spheroids, attain 
to as much as four to six or more inches across. When the weather is 
dry and the roadway is covered with a six-inch deep lay^f of the broken- 
down granular lava, it tends to impede vehicular traffic ; while, when 
the naturally-broken shingle exceeds or a inches in diameter, the 
roadway is apt to be troublesomely rough. 

Whether amygdaloidal or compact, the bedded-lavas throughout 
the region traversed are of this reticular character, and when not too 
much decomposed, admit of being very readily crushed to instantly 
yield an abundant supply of excellent hard-wearing “ metal suitable 
lor macadamising or for top-dressings with or without tarring, provided 
always that the reticular meshes, so to speak, yield shingle of the desired 
gauge for the work in hand ; and also that amygdaloidal shingle, for 
obvious reasons, is rejected. 

On the way back to camp from Rojhiwdra, via Iswaria and Bhomia- 
wadar along the westward cart-road leading to Adwana, a great rock- 
plain of reticulated bedded-lava prevailed ; — sometimes amygdaloidal, 
but more often compact in character. On reaching a spot one mile 
SE. by SSE. of Adwana, a long low ridge trending SSE. to NNW. of 
dark-black basaltic dyke -rock, with characteristic transverse jointings 
was carefully noted for future and further investigation. 

At 8-30 a.m. on the ibth instant, the traverse of the countryside! above- 
noted was resumed by a rapid drive across the substantial stone bridge 
tbat spans the Sorti Nuddy immediately N. of the town of Sodhdna, 
and thence for miles NXE. to Adwana-town built upon the SE. ter- 
minal eminence of a ridge of bedded-lava, which runs, with interruptions* 
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to the X\\'. for about a mile. The ground between Sod h an a and Ad 
Wc^na, was observed by peeps into well-shafts to be essentially composed 
of bedded-lavas very deeply decayed ; — the soil at some places reaching 
down almost to the mean water-level of 20 feet below the surface. 

B\' re -crossing the Sorti 'Stream | mile SE. of Adwdna and continu- 
ing for another 3 furlongs, the dyke already noticed to form a low, long 
ridge one mile SE. by SSE. of the toum was traced to remain exposed 
on the surface, and then to vanish ; but it was subsequently found out- 
cropping about I mile XX\\\ by X\\\ of Adwana on tlie roadside, and 
was again detected 33 ieet below the surface ui a we 11 -5 haft on the E. 
side of the roadwa\' leading to Xagana in Xavanagar State, about 2 
miles still in the same direction, XXW. by X\V. of Adwdna 

About 2 miles E. b\ EXE. of Adwana, the ground becomics percepti- 
bly hilly, and consists of a wide rock-plain, sparingly cultivated, of 
beddcd-lava reticularly jointed, to yield an abundance of surface shingle, 
sometimes lairly fresh, and capable of being gathered readily and screened 
to yield abundant supplies of naturally-made road-metal and read- 
dressing material, quite good and durable enough for the proper main- 
tenance of all the local roadways, at a minimum of cost. Right up to 
the State boundary in this direction, for fully 3 furlongs, the same 
characteristics prevail ; while northward, after crossing a deep ravine, 
and traversing about 2 miles ot more or less fertile ground tci the sur- 
rounding boundaries east of the Sorti Xuddy, wliicli runs from Adwdna 
practicall\ due north, nothing beyond bedded-lavas with but a few 
insignificant dykes could be detected. 

Returning to Adwana, across the Sorti stream, hilly ground, capped 
with the remnants of a deposit of niiholite was encountered forming 
a narrow irregular eminence i mile due X. of the town. The material 
from this small hill is not of sufficiently good quality for building blocks, 
but affords a fair supply for burning into lime, for local use. 

About 150 yards west of the miliolitc -capped mound, the N\\'. 
roadway from Aclwdna is flanked on its westward aspect by a high ridge 
of reticularly -join ted lava, which runs SE. to xA.dwana and N\V. to a 
summit of 124 feet abov^e the sea-level, form.ing an eminence of nearly 
one mile long by about three furlongs at its widest part. The bedded- 
lava of which this is composed consists of a ver\' tough and but slightly 
amygdaloidal material, from which an abundant polyhedral shingle 
of from I to 2 inches in diameter is shed upon its slopes, and could there- 
fore be economised by use as road-metal of fair quality for local wants. 
On the eastward base of this ridge the long XW'. by XX\\\ to SE. by 
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SSE. dyke already alluded to, takes a somewhat sinuous course above 
ground, to vanish, and then reappear, 33 feet below the surface, in an 
old welbshaft 2 miles NW. by NNW. of Adwdna. 

Cutting westward along agricultural cart-tracks, the arable land 
about 500 yards due W. of the well-shaft just noted was found to be 
strewed with large fragments of impure milk-white rhombohedral 
calcite ; — the relics of a small superficial vein through the bedded-Iava, 
now utterly destroyed. This vein probably ran westward to a spot 
1 1 miles N. by NNW. of the resuscitated village of Bhatakri, where a 
small outcrop still remains untouched. 

The country-side around and about this calcite vein, approximately 
centered by a small isolated mound of miliolite, about i|- miles NXE. 
of Bhatakri, appears to be somewhat siliceous, being strewed with frag- 
ments of veins and geodes of onyx, chalcedony and quartz, frequently 
intergrown with calcareous matter. These fragments might perhaps 
be utilised by thrifty villagers for fancy-button making. 

On Saturday, the i8th inst., tents were struck at 8 a.m., and the 
camp was transferred to Morwara, where no help was afforded by the 
resident Tapedhar, so that it was past 6 p.m. before things could be 
got into working order in a hedged- in piece of ground about 100 yards 
to the ESE. of the town. 

The journey from Sodhana to Morwara was arranged to cover a 
maximum of hitherto untraversed ground as follows ; — The south- 
western cart-road was traversed for a distance of if miles, over deep 
fertile bedded-lava soil with the exception of a small patch of about 
3 furlongs in width m the vicinity of Sodhana, which exhibited a mere 
crust of miliolite, covered by a foot or so of alluvium deposited by period- 
ical overflows of the river Wartu. After crossing the gravelly and 
pebbly bed of the Wartu, a southward course for nearly 3 furlongs was 
taken to the town of Fatdna, where the underground water-level at a 
mean depth of 20 feet, entirely through bedded-lavas was observed by 
the examination of local well-shafts. 

It was noticed that the compact zone of the bedded-lava superficially 
exposed, reached down to a considerable depth, and, upon reaching 
the SE. quarter of the iowm due advantage appears to have long since 
been taken of this circumstance, by the excavation of -^mall pit -quarries 
to supply building-stone for local wants, inasmuch as no miliolite occurs 
in the neighbourhood. The black-stone quarries showed exposures, 
under only a veiy little subsoil, of tolerably fresh, and fairly tough, 
sound, compact stone, in vertically jointed columns, capable of yielding 

b 
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good-sized building-blocks, setts and road-metal in abundance ; but the^ 
excavations being of the nature of pits in level land, there must alway^^ 
be the disadvantage of water-logging and the premature rotting of the 
stone from the presence of an excels of quarr^’-water. 

From Fatana the WNW’. cart-road for il miles, to Singra, traverses 
a richly fertile and well-watered country side of deep bedded-lava soil. 
Singra with its conspicuous ‘‘ Derd or Temple, is situated on an eminence 
of tough, compact, slightly-amygdaloidal lava, of which a good sample 
was obtained from near the bottom of a well-shaft, lOO yard^ W’NW'. 
of the Temple. 

Proceeding along the cart-road for miles to Sisli. brief 

halts were called, and detours made, first, about I mile SSW’. of Singra, 
where the hilly undulating rocky surface, was found to be composed 
of a tough, slighth’ amygdaluidal lava, reticularly jointed, and liberalh 
strewed with shingle of all sizes up to about 4 inches across, in a condition 
fre^h enough to be utilised for local road improvements, by being screened 
and occasionally broken. At about 50a yards E. of Sisli, tlie great 
dyke, already tiaced as trending thence from S. of Kunwdda.r and vid 
Majiwana, was carefully examined. At the spot just noted, a small 
well -shaft, 3'iekling but a poor siipplv of water at a depth of 25 feet from 
the surface, the dvke measured about 30 feet in width ; but showed 
unmistakable signs of excess i\e lateral compression, inasmuch as the 
dense black basalt of which it is composed, exhibited such perfect cleav- 
age, that the material when slight!}’ weathered, was found to be trans- 
\'erselv split into thin flakes, most of them much less than I inch in 
tenuity ; while the vertical jointing of the mass had the effect of breaking 
up these thin plates into sub-paraiielopipedal forms. Towards the top 
of the well-shaft, a band of about 3 feet in thicloiess of very closely- 
cleaved rock was obser\’ed to be so much contorted as to be folded upon 
itself evidently, as the result of some obstruction in the way, during 
the passage of the intrusive moken material. 

It was noticed that the new!}’ pegged-out roadwav from Majiwana 
to Sisli and thence I'id addla to Midni, takes a parallel course with the 
abovenoled important d}’ke, and it may therefore be here suggested, 
that in order to convert the cleared ground into an economical traffic 
route, it should be provided with a raised resilient foundation, prefer- 
abi}- drained, and then macadamised with a fair!}’ generous layer of the 
naturally broken “ metal,” so abundantly strewed upon the surface and 
slopes of the adjoining dyke. It would, of course, be necessary to screen 
the dyke-shingle in order to secure metal ” of uniform gauge. WTen 
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examined, it was found that the pieces of detached shingle from the 
surface, of more than one inch across, were, for the most part, quite 
fresh and sound enough for ordinary road-making. Such material ought 
to yield a permanent level capable of withstanding fairly severe traffic, 
for at least two or more years ; and, if tarred and dressed with tarred 
granophvre chips, (to take the brunt of the wear and tear), its life '' 
would probably be trebled. At all events, although not so tough and 
strong as even weathered granophyre, the material for road-making 
purposes is unquestionably superior to any kind of calcareous stone 
and is so easily available in such prodigious quantities, that there can 
be no excuse why it should not be utilised more extensively. 

From Sisli to Morw^ra the roadway takes a recurved course for 
3 1 miles from NXW. to SSE. in the midst of a band of agricultural ground 
hemmed in by rock-plains; — the region being characteristically constitut- 
ed bv bedded lavas, more or less poh'hedrally jointed. Some 2-|- miles 
SSE. of Sisli there is an appreciable relief, where, at old Sundrawadar 
the ground rises to form a hillock of 99 feet above the sea-level, which 
is continued ridge -like from \VN\V. to ESE. for a little more than a mile. 
The summit and slopes of this elevation are plentifully strewed with 
more or less decayed polyhedral shingle, and, when tested, the country- 
rock was found to be much tougher than that of the lower lying 
ground; so that here also a practically unfailing supph^ of utilisable road- 
metal may be sought for and found, to supplement the stock of dyke- 
shingle already alluded to, as a fairb; good third-grade metal, adapted 
to the needs of well-constructed rural highwa3^s. 

Approaching Morwara, the surface of the countr^'-rock presents 
quite a variety of textures in bedded-lavas, which however, all agree 
in being more or less recticularly jointed. At places, the lava is closely 
amvgdaloidal and zeoiitiferous ; at others, it is Uberallv studded with 
small geodes of mixed chalcedon\' and quartz, or of mesolite and natro- 
lite, which also traverse the rock in veins ; but, what is of more importance 
economical!}', the entire region appears to be criss-crossed by small and 
large dykes, some of which show signs of intense lateral compression 
by their closely cleaved character, while others are more normally deve- 
loped, and capable of yielding practical!}’ unlimited supplies of angular 
shingle adapted for road-making operations, at small cost for 
labour. 

Of the character just noted, is the long and prominent dyke which 
runs practical!}' E. and \\\, about I mile X. of Morwara, whicli can be 
traced almost continuously above-ground for a distance of more than 
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two miles, and which has been pierced at intervals by the well-shafts 
of local agncnlturists. 

Specimens of rocks and minerals registered since the last record, 
are as follows : — 


Date. 

Resjis- 

tered 

No. 

ProTjsional Name, 

liOcality and Remarks. 

12-12-1. i 

195 

Dense. Black Ba?alt ^Surface . . 

Well-shaft, .500 yds. NW. of Maji- 
wana. 

14-12-1.5 

196 

Pale Baff-brown Miliolite-Lime- 
fctone. Bubbly and Earthy. 

Monsoon -flooded Plaiiy \ mile *S. 
oi jSodhami. 

14-12-1.5 

197 

River "Wartu Sand 

Bed of River. miles S.SE, of 

Sodhuna. 

14-i 2-15 

198 

Tachylytc. Bed of River Wartu. 

300 yards N. of Morana 

1 -1-12-]. 5 

199 

Closely-jointed, Cmnpact Lava.. 

Of which 198 is a Selvage 

14_12~]5 

200 

Coarse to Medium Pale- buff 

Miliolite-Limestone. 

Top of X. scarp of River Wartu. 
Immediately SE, of Bhomia- 
wadar. 

14-12-15 

201 

! 

Blue-black, Basaltic Dyke-rock of 
the older series. 

500 yards SSW of Si mar. Dyke 
runs SSE. by SE. to NNW. 
by NW. 

14-12-15 

202 

Closely Reticulated Bedded -lava. 

Surface, 1 mile SW. of Rojhiwaia. 

14-12-15 

203 IConipact Boddcd-lava.verv sljght- 

New well-^haft, from 1 5 ft. depth. 



ly Aniyi,alaluidal. 

200 yards SSE. of Rojhi win. 

14-12-15 

204 

Dark-b]aek Rrsalt Dyke nins, 
as low rid^e, NNW. to SSE. 

One mile SE. by SSE. of Adwana. 

10-12-1.5 

205 

Bedcled-Iava, reticularly jointed 
and very slightly amygdaloidal : 
yields 1 to 2-inr-h polyhedra. 

1 1 miles E by ENE of Adwana. 
Weathered out, from granular 
to small polyhedral shiugle. 

10-12-15 

206 

Reticulated Bedded-Iava 

From which 205 is derived. 

16-12-15 

1 207 

Reticularly -jointed Bedded-lava. 
\"ery s 1 1 ght ly am y gd a I o i d a 1 . 

Yields l.l- to 3- inch shingle. 

Top of Ridge. } mile NW, by 
NNW. of Adwana. 

16-12-15 

* 208 

Black Basalt. D}ke-rork 

Wf‘ll->haft. 2 miles NWb by NNW. 
of Adwana. 

16-12-15 

209 

Onyx. Geode and Vein -fragments. 

2 miles NW. of Adwana. 

16-12-15 

210 

Calc it c, XaiTou Vein 

1 miles N. by NNW.c f Bhatakn. 
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Date. 

Regis- 

tered 

No. 

Provisional Name. ' Locality and Remarks. 

18-1 2- L5 

211 

1 

Compact Bedded-lava. Pit 200 yds. SE. of Fatana Capable 
Quarries, for local buildings of large extension. Liable to 

water-log. 

lS-12-15 

212 

Compact. Slightly Amygdaloidal iOO ycis. WNW. nt Sinara Temple. 
Bedded-lava. Bottom of 20 ft Weil-shat . 

lS-12-15 

213 

Cleaved Basalt of Dyke . . 500 yards E. of SisU. 

lS-12-15 

214 

Siliceous Geodes, Onyx, etc. . . J mile NNW. of Morvara 

18-12^15 

215 

Cleaved Basalt. Weathered Dyke J mile NXW. ot ^loiwara. 
running NW and SE. 

18-12-15 j 

i 

1 

216 

Compact Blue -black Basalt \ mile NNW. of Morwaia. 

Dyke runs practically E. and W 


Camp'Station X.— Morwara. 

Enclosed Garden, lOO yards ESE. of the Toum. 

A rrangements for work having been satisfactorily completed 
in camp by the evening of the iSth instant, the succeeding day 
was devoted to the trimming, registration and packing of 
specimens, and to the compilation of this report from the Diary and 
Field-book notes by the way. 

At 8-45 a.m., on the 20th instant, an excursion was taken in a south- 
easterly direction to Bharw^ra, and from thence northward past Khdm- 
bhodar to cover ground that had been left un traversed for this special 
occasion. At the very outset, a wide, but superficially ill-defined dyke 
of basalt was located to run from NW. by XN\^\ to SE. by SSE., only 
100 vards E. by ESE. of the town. 

The south-eastward roadway, after traversing nearly a mile of 
bedded-lava rock-plain, enters upon the alluvial fairly fresh-water land 
of the NE. moiety of the ‘ Ger ' or Marsh, and the ground thereabouts 
is utilised, in season, for rice cultivation ; but, at present, is partially 
occupied by thriving cotton fields. The alluvial deposits vary very 
greatly in depth ; — ranging from less than one foot to ov^er ten feet at 
sundry places, and notably at a spot where a stream-channel, traceable 
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to BagY’adar, cuts through the clayey soil to sliow a hardened sandy 
marl at the bottom, covered by earthly, richly fossiliferous alluvium, 
with slabs and small fragments of miliolite-drift imbedded in its upper- 
most parts. The fossils found are all of recent age, and principally 
belong to the genera Potamides, Pahtdina, Planorbis and a few stray 
valves of Unio. 

Approaching Bhdrwdra, towards which the Ger alluvium encroaches, 
the surface of the ground grows gradually more and more miliolitic, 
until the roadway cutting through a bluff reveals the following geological 
structure ; — The bluff borders a broad valley filled with alluvium and lies 
7 furlongs WNW. of Bharwdra. Its top is covered by about a foot in 
depth of coarse and fine slabs of false-bedded miliolite, overlying a thin 
layer of compact, rubbly miliolite conglomerate, which, in its turn is 
followed by about 4 feet of an earthy, incoherent, miliolite-conglomerate, 
with inclusions of limonitic limestone from the underlying Tertiary 
deposits, which are not here exposed, but may be seen in situ, exposed 
by the banks of the river | mile farther south. The bed of the river 
at this part bears large quantities of fine sand, of which samples were 
taken for examination. 

Bhiirwdra village stands on a foundation of coarse and frequently 
false-bedded miliolite, which diminishes to nil in the direction of Bag- 
wadar and Khambhodar ; where, however, the ground is rendered fairly 
calcareous by large quantities of miliolite drift. 

It was formerly noticed, that a large proportion of the drift frag- 
ments around and about the town of Khambhodar, consisted of thin 
flat slabs of a coarse texture and ruddy hue, so that it was not surprising 
to find that on the west side of the highway, about 3 furlongs SSW. of 
Khambhodar there is a narrow ridge-like hillock which runs SW. to 
NE. for about I mile, composed of beddecTlava, thickly capped with the 
remains of a basement layer of coarse, sandy Dwarka Stone curiously 
deposited in thick laminae of from less than | to as much as 2 inches or 
more in thickness, just barely held together by interstitial ferruginous 
limy matter, so that the entire mass presents a singularly shaly aspect. 
The hillock top is literally riddled with pits, from which this insub- 
stantial nibbi^r^h has been excavated for road-making. 

From Khambhodar westward to Kindarkhera, the fertile country- 
side is well cultivated upon essentially pure regiir soil derived directly 
from the decomposition of the bedded-lavas below. At Kindarkhera 
itself, the land is largely covered by alluvial soil ; while northward in 
the direction of Majiwana and westward, back to Vorwdra the bedded- 
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lavas of the Deccan-Trap Series constitute the entire surface of the 
country-side. No dykes of any size were discovered in this region ; 
but a few of the low hog-backed hillocks and ridges were carefully exa- 
mined, and found to exhibit exceedingly tough and strong material 
capable of being utilised as road-metal with decided advantage on the 
score of economy. Among these, special mention may be made of a 
manifestly crystalline olivine-dolcrite, which forms a large quadrangular 
hillock 2 f miles NE. of Morwara on the road leading to Majiwana. 

Untraversed ground to the north of Morwara, was duly covered, 
on the 20th instant, by a journey of 4-I miles from the camp to the north 
of Singra. During this excursion, the E. and W. dyke, already noticed, 
was re -crossed I mile due N. of the town and found to exhibit normal 
angular shingle at the surface, at a place suitable for being excavated 
lor the extraction of good road-metal material on a large scale. At 
this spot, moreover the bedded-lava or country-rock through which the 
dyke passes, is raised into a low, scarcely perceptible ridge which trends 
S\V. to NE., and is composed of more than ordinarily tough material, 
polyhedrally jointed, and therefore capable of being also utilised as 
road-metal for country highways. The precaution must be taken 
however in excavating upon the elevations of this, and indeed upon 
all rock-plains composed of bedded-lavas, to discard patches of materia 
that are too closely amygdaloidal, if such material is destined for use 
as road-metal. Certain areas on the surface hereabouts, are so thickly 
studded with zeolitic amygdales, as to give the rock a singularly orna- 
mental appearance ; and, when quite fresh, such specimens, in even 
small dimensions, might be utilised by fancy-stone artificers, for 
the production of quaint clock-cases, ink-stands and the like. When 
weathered and sunbaked, the amygdales are very liable to crack asunder 
and drop out, leaving the hardened matrix of the rock in its original 
liighly vesicular, almost spongy condition. It will therefore be gathered, 
that such textures, although capable, when perfectly fresh, of withstand- 
ing ordinary wet and dry attrition, would speedily succumb under severe 
crushing force, such as that occasioned by heavy and continuous cart- 
traffic ; so that, as a rule, all, save only very slightly amygdaloidal 
lavas, should be unhesitatingly rejected, when tendered for road-making 
operations. 

At a distance of i J miles N. of Morwara, an E. and W. trending 
ridge of ground is encountered, which has latelv been put under culti- 
vation for the sake of the scanty '^oil which it affords. Excavations 
here, which would be naturally drained and free from fear of detrimental 
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water-logging, would yield an abundant supply of compact shingle, 
sufficiently tough for ordinary road-metal ; but, it will doubtless be 
called to mind, that the westward extension of this ridge rises to a 
summit of 99 feet above the sea-level, in form of a rounded hillock, 3I 
furlongs SE. of the abandoned village-site of Sundruwadar, the slopes 
of which are closely covered with i to 3 inch angular shingle in a tolerably 
fresh condition. Obviously, a slope-side quarry here would be sufficient 
to supplv local wants, for road-making and repairing for many miles 
around with strict economy. 

About one mile SSW’. from the N. of Singra, the road from Mor- 
Witra crosses the great E. and W. dyke to w'hich frequent reference has 
been made, under the specific name of the Kunwadar-Majiwana-Sisli 
dyke. Good and abundant angular shingle capable of being screened 
to readily yield large supplies of fairly fresh, ready-made ' metal ' of 
inch gauge, could here be secured at a minimum of cost, for laying 
down upon the entire length of the newly marked roadway from Majiwana 
via Sisli and Wadala to Miani ; and fresh quantities of perfectly sound, 
unw’eathered material can always be depended upon all along the length 
of the great dyke, (which averages 10 yards in width, down to a mean 
depth of 20 feet to the underground water-level), if wanted. 

From the crossing of the great dyke by the cart-road from Morwara, 
for a distance of fully half-a-mile, a well-marked ridge of bedded-lava 
extends from S. to N. towards Singra, and being composed of more than 
ordinarily tough material, {ergo its persistence as an elevation), and 
reticularly-jointed on a moderate scale, offers a fresh variety of material, 
if required, for road-making purposes. 

On reaching the north of Singra with its richly fertile gardens, 
observations were taken of the well-watered valley of the Kamad Xuddy, 
now fairly full of water, and it was found that the land to the north of 
Singra right up to the State boundary marked by the southern bank 
of the now comparatively narrow River Wartu, consists of an exception- 
ally deep layer of bedded-lava soil, with but onh^ occasional exposures 
to indicate the nature of the rocks below. Thus, at the State boundary 
2 miles N\V. of Singra, both banks of the River Wartu show scarps 
of 15 feet of thoroughly decomposed bedded lava ; while similar soil 
continues more or less deeply developed all along the boundary area up to 
and beyond the cart-road leading from Sisli to Rawul in Navanagar 
State. This road was followed up to Sisli, after crossing a shallow 
fordway, now dry, of the Kamad Nucldy, and the irregularly' elevated 
long patch of ground to the immediate south of that watercourse was 
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found to show an exposure of reticularly-jointed, shingle -strewed bedded- 
lava, somewhat deca^’ed. 

On reaching Sisli, the Patel of the village earnestly requested the 
inspection of an old site, where a small dam, now demolished, had once 
held back the surplus drainage of the surface in form of a tank or reser- 
voir. Tlie site in question lies approximately J mile W. of Sisli, and is 
reached by following the course of the great dyke, (which intersects the 
village and continues westward past the State boundary nearly a mile 
farther on the road to Chandrawara in Na van a gar territory), and then 
crossing south through a plantation of Babuls, (Acacia arabica), to 
where a streamlet carries the upland drainage towards a tributary from 
the Kamad Nuddy, a trifle ov^er a mile to the north-west. It has, and 
doubtless correctly, been estimated that the reconstruction of a dam to 
constitute an irrigation “ Talav would amply justify any expense 
incurred, by securing a plentiful water-supply for fully 400 acres of 
excellent agricultural land, which is at present forced to lie 
fallow. 

From Sisli south-westward on the road to W'addla, the ground for 
about I mile is covered with from i to 3 feet of alluvium due to overflows 
during successiv^e monsoons of the neighbouring watercourses, but the 
bedded-lava soon outcrops as an undulating rock-plain for ij miles 
to the angle-boundary of the State, where an irregular rising area may be 
distinguished by the superior hardness of its rock, which exhibits numer- 
ous geodes and small vTins of a siliceous character chalcedony, 
quartz and zeolites. 

Taking up the roadway from Chandrawara at this boundary, back 
to the camp at Morwara, nothing noteworthy remains to be recorded, 
beyond the observation that the land is constituted bv a wide and 
almost treeless rock-plain with but a scanty supply of soil which is fully 
cultivated wherever a plough can be made to penetrate. The ground, 
moreov^er, notably in the neighbourhood of Morwdra is ultra - 

siliceous at many places, and frequently glistens and gleams in the 
sunlight from the numerous white fragments of geodes and v’eins of 
chalcedonic silica, quartz and species of zeolite. These, however, are 
of but little value in the crude condition; although they might be utilised 
by industrious vdllagers for fashioning into quaint curiosities, buttons, 
and so forth. 

Tents were struck at Morwara at 9 a.m. on the 24th instant and the 
camp remov^ed to Miani, where, as sufficient accommodation was available 
in the Durbargadh buildings, work was conducted from those quarters 
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thereby saving the loss of practically one whole clay. The journey 
from Morwtira was taken via W^aclala, and thence along the lower cart- 
road past the Xaonara Talav to join the newly projected roadway near 
the sea-port town, and the following observations by tlie way, ware 
duly recorded. 

On leaving Morwaira a visit was paid to the Patel’s wall cultivated 
helds and gardens on the northwvestern side of the town wdiere the 
well-shafts ware inspected and advice afforded on questions of w^atcr- 
Mipplv and irrigation. Wliile in tliis neighbourhood, the opportunity 
was taken to examine some of the well-siiafts on the line of the E. and 
\V. dyke which here cuts through the bedded-lavas J mile W. by \A’N\V. 
of Morwara. 

One of the wells thus examined was being new’ly sunk a few’ yards 
oftt of the line of the dyke, and the anxious agriculturist w’anted to know 
why he did not find any indications of a water-supply after having 
reached to a depth beyond tlie normal water-level. It was pointed 
out to him that he had sunk It is shaft into previously drained bedded- 
lava, just outside of the water-holding dyke ; but his labours ware not 
entirely m vain, for it was found that he had unearthed the basal contact - 
zone of a lava-flow’, which, in passing over the chilled surface of a pre- 
vious bed of lava, must have had its steam-laden vesicles, propelled 
vertically upwards into the molten rock-mass, so as to form numerous 
straight or branched tubes of varying lengths, — seldom more than a few 
inches long. These stem-like vesicles wdien subsequently filled wdth 
secondary mineral matter, w’ould, of course, be afterwards represented 
bv the vertically disposed, more or less closely parallel rod-like amyg- 
daies found in the solidified lava ; — the matrix of which, in the present 
instance, has also undergone profound changes, by being converted into 
a brick-red material, analogous wdth laterite. The specimens secured 
of this uncommon phenomenon in local bedded-lavas, present a singu- 
larly curious and even beautiful appearance of a deep brick-red ground 
traversed by sub-parallel rods of milk-wEitc, (zeolitic), mineral matter 
coated with bright green glauconite. They are of scientific rather than 
of commercial interest. 

About one mile wx*st of Morw ara, the long dyke abovenoted exhibits 
evidence of intense lateral compression, being revealed by a w’eil-shaft 
there situated, from wEich large quantities of closclv cleaved basalt, 
precisely similar to that observed E. of Si>li, liave been extracted ; but 
the vast bulk of the dyke-rock is of tlie nature of perfectly fresh deep- 
black basalt in polygonal pieces of from 0 to 8 inches or so in length 
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witli a tendency to break with ease into a hard angular shingle suitable 
for road-metal. 

While the bedded -lavas preserve their integrit}’ as reticularly- 
jointed rocks, all the way from Morwara to \\^adala there are a few 
instances to be met with of diversity in detail which arc worthy of more 
than passing notice in this place. For instance, about ij miles 
of Morwara there is an eminence of irregular shape and of quite i mile 
across, which, by reason of its superior elevation, proclaims the power 
of being better able to resist subaerial denudation than its surroundings. 
When examined, the rock at first sight appears to be in no wise different 
from the lavas below, but upon careful scrutiny, especially of certain 
patches of weathered material, it is found to exhibit a very curious 
structure ; being, in effect, jointed into small polyhedra, having an 
average diameter of a little more than an inch, with shrinkage spheroidal 
nuclei composed of very much harder material ; so that when sufficiently 
decomposed, the small spheroids of approximately one inch in diameter, 
drop out entire, like so many schoolboy's marbles from the crumbling 
mass, when smartly tapped by a hammer. 

Another feature, by the wayside on the road to Waddla, is that at 
about li miles ESE. of the village, the road runs partially over an E. 
to W. trending dyke, traceable for about 5 furlongs aboveground ; while 
only about 100 yards or so E. of the village, there is a jumbled mound 
composed of large blocks of black-rock, which might from a distance be 
expected to yield good building material ; but which, upon examination 
was found to be amygdaloidal, tough and splintery ; sub-reticuiarly 
jointed ; and almost rhyolitoid, t.e., sliowing flow-structure, accompanied, 
by a fissility which renders the material quite unsuitable for either 
building purposes or road-metal. The amygdales, moreover, were found 
to be elongated and discoidal, pointing to a very rapid consolidation 
of the flowing molten magma. 

Westward of W^addla on the route to Miani, the bedded-lavas of 
the Deccan-Trap Series continue to predominate for about a couple of 
miles, first of all as a partially cultivated country-side and then in form 
of a rock plain. Gradually, however, the surface becomes strewed with 
angular drift material of mixed miliolite and Tertiary fossil iferous lime- 
stones and consolidated sands, which probably belong to the Dwarka 
group of beds. 

About ij miles E. of Miani, on the X. side of the newly-marked 
roadwav there is a well-shaft wliicli throws some light on the geological 
structure of the ground. The section shows about 2 feet of soil, followed 
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below by 3 to 4 feet of compact conglomerate containing numerous 
fragments of Tertiary fossiliferous limestone and laterite, overlying 
10 feet of a rubbly and earthy conglomerate. 

Approaching Muini, -J mile ESE. of the town, the roadway runs 
past the termination of a Euphorbia -clad narrow ridge which trends 
from X\\’. to SE. in a sub-crescentic line, showing a cap of some three 
feet of coarse, freely honeycombed miliolite, resting directly upon a 
>ubstratum of compact, consolidated shell -sand of Dwarka, or Fost- 
Pliocene Age. From thence, the ground rises rapidly to the eminence, 
the northern slopes of which the town is built, along the eastern scarp 
of the broad inlet known as the Meda Creek, and about one mile distant 
from its sand-spitted outlet into the open Arabian Sea. 

Additions made to the collection of geological specimens may now 
be registered as follows : — 


! 

1 

Date. j 

i 

Regis- 
tered j 

! 

i 

Ito visional Name. 

i 

Locality and Remarks. 

20-12-15 

217 

1 

1 Alluvium of Uer contam.nLf ^ 
1 tredi -water shells of 

. J 

1 mile SSW. by SW. of KiruUu- 
khera. 5 to 10 ft. .searp. E 


20-12-15 

20-12-15 

20-12-15 

20-12-15 

20-12-15 

20-12-15 

20-12-15 


Pahidiva and Un>o 


of drainage from Khambliodar 
anrl Riirwadar. 


MS iCoar^«c to Fine 8iai)^ of Compact 7 fiirlotig'- WXW. of Biiurwara 
1 Miiiohte-base tStone. 1 Top or BUift. False- bedded. 

210 ICompact Rubldy Mihohte-Con- Underlying 218. 
glomerate. 

220 !lneohcrcnt Miliolite-Congiomeratci Underlying 2l0. 

221 Fine River-Sand, Large quanti-io furlong^' S\V. of Bharwara 

ties. I 

222 Fine to Coarse, Indurated andjCappin^ liilloek of Bedded-lava, 


223 

221 


Shaly Dwarka Limestone. 
Compact Bcddecl-lava 


3 furlongs SSW. of Khambbo- 
da r. 

[ilh'-n 
Morwara. 


. . 'Hilh'-rnouiuC 2| miles NE of 


Tough. Compact Bedded-lava. dj imles XE.of Morwara. 1.50 yds. 
Reticularly jointed. .Suitable S, of road to Majiw^na. 
for ‘ metal b 


22-12-15 


225 Sample of shingle from Dyke.f mile by NXE. from centre 
running practically E. and W. of town of Morwara. 

Suitable for Road-metal. 
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Date. 

1 Regis- 
tered 
, No. 

Provisional Name. 

' Locality and Remarks. 

22-1 2-] 5 

; 226 

Amygdaloidal Lava. Country- 
rock, reticularly jomted. 

j Surface of Rock-plain. 500 yd^. 
N. of Morwara 


i 227 

Basic Bcdded-lava Soil 

1 mile N of Morw ara 

22-12-15 

1 228 

Sample of Angular Shingle Sur- 
face of Dyke. 

7 furlongs SSW. of Singra. Abun- 
dant and suitable for ' metal.’ 

22-12-15 

229 

Decaved Subsoil from Edge of 
Dyke. 

Dyke 228. Lsed for dressing new' 
road, Majiwana to Miani. 

22-12-15 

230 

Polyhedral Shingle. Tough Bedd- 
ed-lava- suitable for road-metal. 

Ridge. 1 mile S. of Singra. Abun- 
dantly strewed on slopes. 

22-12-15 

231 

Amygdaloidal, siliceous and zco 
itiferous Bedded -lava Shingle, 

Hilly -ground. 11 miles S\V. el 
Sisli at State-boundary. 

24-12-15 

232 

Bedded -lava. Lo^\e.-t Contact - 
zone Lat<n’ised and beaiiug 
Vertical Stem-like Amygdales. 

From new well -shaft, J mile 
by WNW. of Morw'ara. 

24-12-15 

233 

Amygdaloidal B e d d e d 1 a v a . 
Tough, splintery, in large blocks 
and sub-reticularly jointed. 

Irregulaily shaped Eminence. ’ 
mile across. 1-^ miles WNW. ot 
Moiwara. 

24-12-15 

234 

Minutely-Spheroidal Bedded -lava. 

Sundry portions of 233. 

24-12-15 

235 

Amy gdalo i da I Bedded -la va . In 
big blocks, with Haltened or 
discoidal Amygdales due to 
consolidation duiiug flow\ 

100 yds. E. of VCadala. The rock 
though tough, is splintery and 
fissile, and therefore of no cem- 
niercial value. 

24-12-15 

236 

Fossiliferous Conglomerate, with 
Tertiary Limestone and Laterite 
Inclusions. 

14 miles E. of Miaii. 

2-4-12-15 

237 

Coarse, Sandy. Honeycombed 
Limestone, 

Narrow Ridge- top, mile ESE. 

of Miani, 

24-12-15 

238 

Consolidated Shell -Sand. (Dw’ar- 
ka). 

Tmmediateh underlying 237. 


Camp-Station XL— Miani. 

The Diirbaygadlh SE. side of I he Toil'll. 

\ MPLE ACCOM^AiODATiox for Work being available within the Durbar- 
gadh inclosnre of the town, the tents were, for tlic^ time being, 
stowed away ; and, early in the morning of Sunday, the 26th instant, a 
general reconnaissance of the country-side was made of the NE. quad- 
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rant to the boundaries of the State, and thereafter south-westwardly 
from WadcUato Tukra and back to Midni along the inland roadway ; — 
leaving the | mile-broad strip of coastal land to be investigated upon a 
future occasion. 

At 2 1 miles XE. by EXE. from Mulni a sample of the Salt Marsh 
soil was taken, together with a number of semi -fossilised recent marine 
and freshwater shells of molluscs ; and it was noticed that certain patches 
at this part, laid bare by the winds, consisted of rubbly lumps and slabs 
of consolidated shell -sand precisely simliar to that being formed at 
present in favourable positions upon the beach of the open sea, and 
along the margins of the Meda Creek to the immediate east of 
Midni. 

After traversing the surface of the hardened alluvial mud of the 
marsh for some distance, a small bungalow was reached on the summit 
of a ndge of slightly amygdaloidal bedded lava, called Xagarari Dhar, 
3f miles XE. of Midni. This ridge of hog-backed hillocks runs practically 
eastward to the boundary of the State for | mile, and being composed 
of medium-meshed reticularly-jointed lava, continuously sheds an 
abundance of tough angular shingle, which could economically be 
gathered and dumped down on to the newly-marked roadwa\^ which 
skirts the boundary line and continues for ij miles SSE. to Wadala. 
The new road wav from the X. of X^agarari Dhar, ro\'ers an almost per- 
fectly flat rock-plain of the bedded-lava all the way along the buundarv, 
until, upon approaching Wadala its surface is temporarily obscured b}' 
from I to 2 feet deposits of alluvium from the marsh. 

From W^addla the SSW. by SW\ cart-road was followed cn route 
for Tukra and the following noteworthy occurrences were duly recorded 
by the way. At a distance of about one mile from \\ adfda the ground 
by the side of a small stream was noticed to show signs of laterite ; but, 
upon examination it was found to exhibit only a small accumulation 
of re-consolidated, coarse laterite-conglomerate, with indications of 
Tertiary and miliolite fragmentary inclusions. 

One mile farther along, or approximately 2 miles ^SW. of Wadala, 
a small red hill vas encountered, from which samples were taken to 
show its structural peculiarities. The summit of the hillock was found 
to show slabs of a fossiliferous Tertiary limestone heavily stained to a 
deep brick-red colour, and associated with blocks of an evidently fora- 
miniferal limestone, likewise indued with lateritic stains to a deep purple- 
red hue. Underlying these, the rock consists of a very coarse brccciated 
laterite conglomerate, which, by metasomatism- exhibited patches and 
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segregation veins of a chalky -white material in subordinate quantities, 
of which samples were secured for laboratory examination. 

This la t critic formation was traced to extend in ridge -like hillocks 
for § mile in a NW. direction and miles to the SE,; while, from the 
latter portion, it spreads widely S^^^ for miles right up to the village 
of Tukra. The whole of the country-side for a considerable distance 
around and about this ridge is ‘ literally painted red ' with the debris 
from these heights, although the laterite proper is nowhere prominently 
exposed. There can be no room for doubt, however, that the true 
Jateritic cap to the original hog-backed hillocks of bedded-lava, lies low 
beneath the visible later it ic -conglomerate ; which, from its fossil contents, 
must be assigned, in its origin, to the Tertiar\^ — probably Pliocene,— Age. 

Evidence in support of the abo\Tnoted conclusion is not wanting ; 
for upon proceeding barely | mile farther, or 5-J furlongs XXE. by XE. 
from Tukra, a small hillock, forming part of another (non-latentic) ridge, 
reveals a characteristic series of beds of Miocene and Post -Miocene 
(Dwdrka) Age. The summit of the hillock is capped by thick slabs of a 
pale, rudeh^-buff calciferous sandstone or arenaceous limestone, azoic 
above, but distinctly fossiliferous and conglomeratic below. Underlying 
this there is a zone of richly fossiliferous conglomerate, loosely textured, 
earthy, and crowded with the fossilised shells of marine, Gdj, Molliisca. 
This bed lies conformable upon a substratum of very yellow, broken 
blocks of limonitic limestone of the Pindaralite type, which in its turn 
appears to be deposited upon the bedded -lavas of the Deccan -trap. 

On approaching Tukra, almost within a stone s-throw of the village, 
the hilly and undulating ground grows red with a widespread deposit 
of a compact, but somewhat coarse-textured laterite-conglomerate, 
composed of laterite pebbles cemented together by limonitic decom- 
position products, the true nature of which remains to be re\'ealed bv 
determinations under the microscope. This stone furnishes a distinct 
variety of laterite-conglomerate, which future blasting operations might 
probably reveal in commercially workable quantities as a new kind of 
ornamental stone, and has therefore been registered under the name 
of “ T Ilk yell lie. ” 

From Tukra, the upper roadwa\’ to iMiaiii, which runs north-west- 
wardly at a mean distance of | mile from the sea-shore, was followed, 
over ground covered for the most part with blovTi sand. The underlying 
rock, fitfully exposed, was, for the most part, found to consist of a sandy, 
indurated, limestone of probably Dwarka Age, with occasional thin 
patches of miliolite limestone. 
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i\Iidway, between Tukra and on approaching the village of 

Bhavpura, the erosion of a naia by the roadside, revealed the presence 
of a iairly thick bed of compact, but much decayed stone having all the 
outward appearances of a hard consolidated shell-sand ; but, when chipped, 
was discovered to disclose a vertically-disposed tubular structure, strongly 
reminiscent of organic structure. Should this, upon microscopical 
examination, turn out to be part of an astraean corallum, it would go 
far to prove the existence of a fringing coral-reef in closing Tertiary 
times. 

At Bhavpura, a well -shaft was inspected and found to show a supn^r- 
ficial layer of whitish, but somewhat fissile, indurated, consolidated 
shell-sand, of but small commercial value, to the total thickness ot 
five leet, resting, apparently without any intervening conglomerate 
upon several feet of thoroughly decomposed bedded-la\'a, in which rows 
of spheroidal nuclei could be detected. These nuclei when broken open 
were found to be completely altered into a soft, bluish-green earth. 

On the 29th instant, it was decided to investigate the coastal ex- 
posures around and about Midni and all along the shore line as far as 
the village of Tukra. For this purpose it was found necessary to enlist 
the services of three men to carry tools and samples, and to make the 
traverse on foot. 

Proceeding for about 300 yards SE. by SSE. from the back of the 
Durbargadh, to the top of the hillock there situated, it was fotind, that, 
resting upon a thick substratum of consolidated shell-sand of Dwarka 
Age, the hillock, extensively quarried to a maximum depth of 20 feet, 
consists of beds of compact, coar-e and sandy limestone of a browTi- 
buff colour and inferior quality. Passing the Bandar and then north- 
ward along the strip of sandy shore at the base of the E. scarp of the 
Creek, the low cliff-like scarp wa'. climbed to reach the site of the Level 
Datum Pillar of the Trigonometrical Survey, which is situated approxi- 
mately I mile XXW. of the Durbargadh Gate. 

The deep deposit of miliolite quarried on the SE. hillock, was found 
to thin doYTi rapidly in the direction of the Level Datum Pdlar, which 
is erected upon beds of coarse, sandy and much honeycombed miliolite, 
varying from 3 to 5 feet in thickness and resting directly, without any 
intermediate conglomerate, upon a deep deposit of Tertiary (Dwarka) 
consolidated shell-sand. The miliolite lies like a low terrace upon the 
compact shell-sand which shelves down for about 100 yards westward 
to form a steep scarp or cliflet bordering the east bank of the Meda 
Creek. 
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Upon closer examination, the deposit of shell-sand, is found to vary 
from 10 to 14 feet in thickness ; and, although much decayed and crum- 
bly at the surface, is constituted by a compact, indurated material of a 
greyish white texture, which could be utilised, if in anv other situation 
for building-blocks of an enduring character. The edge of the cliflet, 
running parallel with the creek shore moreover, was found, for the width 
of a few yards to be composed of a finely fibrous material, vertically 
disposed, and presumably of organic origin, probably of the nature of a 
dead coral reef, similar in structure to the stone already noted as occurring 
on the surface in the neighbourhood of the small village of 
Biuivpura. 

The strip of shore at the base of the cliflet, is covered in patche- 
with fine sand, plentifully strewed with dead marine shells, principally 
of the genera Ostrea, Ccrithiinii, Cardiiun, Tcllina and a few other estuar- 
ine and marine forms of life ; while the exposed floor, (beneath the sandv 
patches), and immediateh' underlying the scarped consolidated sliell- 
sand, and manifestly forming its basal layers, is composed of false- 
Ix^dded slabs of hardened shell-sand, full of inclusions of Gaj limonitic 
limestone, laterite pebbles and a few well-rolled fragments of basic 
volcanic lava. There can thus be little doubt that the consolidated 
shell -sand, probably belonging to the Dwdrka Group of beds, here 
lies directly upon Miocene strata, which in their turn were deposited 
upon the laterite and bedded-lavas of the Deccan-trap. The cliilets 
reach their maximum height about a furlong or so north of the Level 
Datum Pillar, to thereafter diminish and fall back inland to the north- 
east, where they finally \’anish beneath tlie allu\dum of the marsh. 

Travelling in the opposite direction seaward, to the south of 
it was found that the deeply quarried deposits of coarse miliolite alread\ 
noted, are denuded down towards the sea -shore, where they are over- 
lapped by blo\Mi-sand. and a small proportion of alluvial drift to 
give birth to a small bight hemmed in by a narrow spit of sand where 
a few stunted mangroves struggle for a bare existence and numerous 
sea-fowl, — pelicans, flamingoes and others haunt the silting harbour. 
On the sheltered stretch bordering the bight, the fierce rays of the sun 
have baked the rough, corrugated, bared surface of the miliolite to a 
brick-red colour for the depth of an inch or so ; but a few hundred yards 
inland, or about ig miles SSE. of the Level Datum Pillar, the thickly 
sand-covered miliolite rises to the height of 39 feet above the sea-level 
and, from a well -shaft, sunk in the neighbourhood, shows thick, cancel- 
lated, obliquely-laminated, beds of coarse, sandy miliolite to a depth 
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of more than 25 ice t. This deposit of miliolitc was found to slope dowTi 
shorewards and to tail down irregularly inland in a SE. direction, more 
or less deeply covered with blown sand right up to and beyond the 
' PaJilia ' to the south of Tukra ; — a distance of fully 3-i miles of dunes 
of line utilisable sand, samples of wEich were secured for laboratory 
examination. 

From Tukra, a drive ENE., wns taken as far as the ruins of Hathiani 
Dera, — a distance of 3^ miles, and the following geological observations 
were recorded : — It was found that the laterite-conglomerate whi('h 
encroaches upon the northern moiety of the village, disseminates a 
drift of fine fragments, mostly of earthy hsematitic ore, over the entire 
countryside, wiiich, how’ever, stops short of a small stream I mile EXE. 
of Tukra, wEere the shallow^ erosion show^s an overlapping of much- 
broken pale-yellow^, fossiliferous, Miocene limestone. 

Proceeding liXE., the ground rises to an undulating elevation, 
w’hich is capped by a thin bed of compact dark-yellow^ limestone of tiie 
Pindaralite type, but too much broken and shattered to be of any com- 
mercial consequence. This occurs about f mile EXE. of Tukra, aft(‘r 
w’hich the surface deposits continue to present an essentially Miocene 
iacies, for fully 2I miles EXE. of Tukra, diversified at sundry places, by 
patches of rubbly, compact miiiolite-conglomerate, full of fragments 
and pebbles of both Gaj limoni tic-limestone and laterite, of all of which 
samples were taken for the State Geological Collection. 

The Miocene deposits continue to predominate right up to and 
beyond the Hathiiini Temple ; but, at about mile W'SW. of the ruins, 
a very low^ and narrow ridge, about 200 yards wude and | mile in length 
protrudes, like an outlier of laterite, trending from \V. to E., through 
the overlapping limonitic limestone. 

It is just in such situations that one would expect the subsoil to 
become altered into greyish clayey deposits differentiated here and there 
by more or less limonitic layers, commonly knowTi as the yellow^ -ochre 
of commerce ; and it w^as not therefore surprising to find a small exposure 
of very pale yellow'-ochre on the SE. scarp of the Hathuini Vokala, | 
mile ESE. of the small village of Sakhpur, 

From Sakhpur and the adjoining ruins of Hathuini Dcrii, the X\V. 
by NNW. cart-track was followed, first, for a furlong or tw^o ov:r Gaj, limo- 
nitiedimestone ground, and then upon an uninterrupted plain of bedded- 
lava, up to Waddia, wFere, mile SE. of the last-named place, the E. 
and W, bearings of a 30 feet wude dyke, pierced by a newly-dug well 
shaft were duly recorded for mapping. 
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So many rumours were current about the occurrence of valuable 
deposits of gypsum in the neighbourhood of Miani, that a special search 
for the mineral, which had not hitherto been met with, was planned 
and carried out on the 30th instant. 

A drive was taken NE, by ENE. for a distance of 2| miles from 
Miani to the borders of the Salt Marsh, and thence over the drying, 
alluvial mud in the direction of Nagarari Dhar, where a halt was called, 
some I mile S. by SSE. of the Bungalow on the last named hillock. Here 
' khodalis ’ were called into operation, and it was found, that for a depth 
of from a few inches do\Mi to a maximum of two feet, the alluvial de- 
posits yielded a fairly plentiful supply of ‘ hngers ’ of incipient selenite, 
imbedded sub- vertically and more or less incorporated with mud. 

It appears that these deposits of gypsum, were discovered accident- 
ally while constructing a channel through the alluvium to divert the 
freshwater surface drainage (derived from the NE. uplands), from the 
incoming salt-water of the Mcda Creek and estuary of the W’artu-delta 
on the W. and S\\\ This periodic mingling of the silt-bearing fresh- 
water with the brine, and their subsequent evaporation season by season 
would very naturally cause a deposition of hydrous sulphate of lime 
with clinging impurities into the sediment ; for it is well-knouTi that the 
gypsum contained in sea -water begins to be precipitated as soon as 
37 per cent, of water is lost by evaporation, but that if the water becomes 
diluted before the point of saturation of common salt is reached, namehg 
when and after 93 per cent, of the water has been driven off ; or, if the 
salt (sodium chloride) is dissolved away b}^ the subsequent addition 
of fresh water, —the gypsum alone will be found to accumulate in the 
deposit. 

From the circumstances noted above it will be gathered that some 
such reaction takes place periodically over that area of the salt marsh, 
the central part of which has been indicated ; but the gypsum, on account 
of its rapid accumulation and admixture with silt, is but of poor quality- 
alt hough selenitic in variety, and doubtless well worth while being 
gathered for agricultural purposes. 

Returning to the margins of the marsh on its southern borders 
where the ground is not entirely obscured by alluvium, the base of the 
salt-marsh is revealed at places to consist of a pale-yellow fossiliferous 
limestone, of probably Dwarka-beds age, upon which tliere are evidences 
of a littoral formation and raised beoch bearing densely-crowded aggre- 
gates of fossil (Pleistocene) oyster-shells, underlying a thin denuded 
remnant of slabs of almost azoic arenaceous limestone ; — ^the whole doubt- 
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less representing the final phases of the Dvvdrka group of beds of Newer 
Pliocene or Early Pleistocene Age. 

The specimens collected and registered on the geological list are 
as follows : — 


Date. 1 

Regis- 
tered 
No. ' 

Provibiorial Name. 

Locality aid Remarks. 

26-12-10. 

239 

Salt-marsh Soil, Blown Dust 

2| miles NE. by ENE of Miani. 

26-1 2-1 o. 

240 

Sub-recent Fo.ssil Shells . - . 

Same locality a>. 239 

26-12-15. 

241 

Consolidated Shell-Sand . . 

Underlying 230. 

26-12-15. 

242 

Beddcd-lava. Tough, irregLlarlylXagarari Dhai. Low, hog-backed 
jointed shingle. Slightly a myg-i ridge. 3^- miles NE. of Miani. 
daloidal ; 

26-12-1.5. 

243 

Laterito -Conglomerate. C o a r s e' 
and ill-defined. 1 

i 

J mile SSW\ by SW. of Wadala. 
Small roaddde and field ex- 
jH)' un. " 

26-J2-15. 

244 ; 

Alte red Bedded -la \ a Pale d< ' \a> - 
<'oioure‘d by expo'^iiiv, tTe 

A f..w yard'i bo vend 243, eroded 
bv small nahi 

-26-12-15. 

245 

White. Deeomrwf^iihm Segrecra- 
tiou in n''>ure of Latorite-cong- 
loinerate. 

|2 miles SSW" ot Wadala, f)n road 
to Tukra. 

26^12^15. 

246 

Coar.-e Late rite -conglomerate 

'SaiiU' locality a" 245 

26-12-15. 

247 

i 

Lateri'jcd. C'oar^e, Fo-'^iUfeiou-' 

! Conglomt'rate. 

'Ove living 246. 

26-12-15. 

j 2.. 

iLaten'^ed, Fine. FosMiiferou> 

i Conglomerate. 

Overlying 247. 

2^3-12-15. 

j -49 

i 

Calcih'TOU^, Sand y Stone. 

Summit slalis rapping hillock". 

furlung" NNE by NE. of 
! Tukra. 

26-12-15. 

2.50 

Basement -bed." of 249, Fossi- 
liferou^. 

! Immediately underlying 249, 
slightly conglomeratic. 

26-12-15. 

251 

Fo.ssiUferous Conglomerate and 
Fos"ih . 

[ 

Immediately underlying 250. 

26-12-15. 

252 

fLimonitic (Gh ) Limestone 

i Immediately underhTng 251. 

j 

2^j-12-lo. 

253 

‘Tukralifce' or Lalerite-Conglo- 
j mcrate with Gdj Matrix. 

200 yards NE. of Tukra, covering 
a large area. 

26-12-15. j 

i 

254 

iCoralliferous Limestone. Evident- 
ly remnants of a Reef. 1 

IJ miles NW. of Tukra, just to S. 
of Bhivpura. 



Date. 

20-12_ir>. 

29-i2->r). 

29-12-15. 

29-12-15. 

29-12-15. 

29-12-15. 

29-12-15, 
29 - 12 - 1 5 . 

29-12-15. 

29-12*15. 

29-12-15. 

29-12-15. 

29-12-15. 

29-12-15. 

29-12-15. 

29- 12-15. 
.30-12-15, 

30- 12-15. 
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Dt'ijis-, 

tcred Provisional Name. 

Xo. 


Locality and Remarks. 


255 

250 

257 

258 


259 


200 


201 


202 


203 

204 


265 


200 


2(i7 


208 


209 

270 


271 


272. 



Con>olidat('d Shell-Sand . . 

Highly -altered Spheroidal Nuelej 
of Redded -lava. 

Coai^e, Sandy Miliolite, 20 ft. 


; Surface Stone of Bhavpura. 

I 

10 ft. from surface in well->haft 
25 jards SW. of Bb^lvpura. 

1 300 yard*. SE. by SSE of Miani, 


Fine Buff-brown Miliolite 
I bfr. Much honeycombed. 


3 to Df‘nuded ba-<- on .<urlaf.‘ of 
which Leve^ Datum Pillar, 
Miani , stands . 


Consolidated Shell-Sand . . 

Coralliferous Limestone. Probably 
Fringing-reef of 259. 

Eoarscly- textured, Fossiliferous 
Shell-Sand. Conglomcratie. 

Loose Shell-Sand of beach 

Honeycomhed JMillolite. super- 
ticially sunbaked to red. 

Fine. Blonii-sand. top of slope of 
Dune. 

Rubbly, (laj-Limestmie from 
Loose, Earthy Conglomerate. 

Compact but Broken, (Taj, 
Liraonitic- Limestone. 

I Limoni tic -Limestone Soil. Con- 
glomeratic and fossiliferous. 

Rubbly Mili<ditc-base < 'on glo- 
merate. In patches. 

Red, Lateritic-Soil 

Pale Yellow -Ochre, o:dy locally 
used by villagers. 

Black-basalt of 30 ft. Dyke 


Gypsum, sub- vertically deposited 
i in top 6 to 8 ins. of Alluvium. 


Immediately underlying 258. 

Edge of 10 ft. Creek-scarp, ako 
immediately below 255?. 

Immediately underlying 250 <uid 
260 at base of Creek- scarp. 

Base of Creek -scarp. Midni. 

]{ miles S. by SSE. of Midni. 200 
yards E. of C51d Mandir. 

1.1 miles SSE. of Miaiii and ^ 
mile SE. of Old Mandir. 

1 mile EXE. of Tukra, 1 ft. scarp 
of small nala. 

mile EXE. of Tukra. lo\s ndge 
Pindaralitc-ty])e. 

Ploughed field, iindeilving 266, 


Superiieial 1 mile F'NE. of 
Tukra. 

-V mile \VS\V. of Hatbidni Dera. 

I mile ESE. of Saklipur. on SE. 
scarp of Hathiani Vokala. 

Runs E, & W., \ mile SE. of 
Wadala. 

I mile S. by SSE. of Bungalow. 
Xagarari Dhar In Salt-marsh. 


Gypseous Mud of Marsh . . 


, . :Same site as 272. 
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Bate. I tpred ' Provisional Name. | Locality and Remarks. 

I Xo. 


30-12-15. i 274 Fossil Shells. Oyster-h^d of 2-1 miles WXW. of ^\^ldala. ou 
^ j Raised- beach. ' border of Salt-maioh. 

i ' ! 

30-12-l.j.l 275 Arenaceous, slightly fossiliferousj4 to 6 in. slabs, surface of 2 ft. 

j Pale-burt Limestone, scarp of Mardi Overlying 274. 

30-12-15. 270 Arenaceous. Fossiliforons Linu^- Liiderlying 274. 
store. 


DIGEST OF DIARY. 

January, 1916. 

O N New Year’s Day the camp was iran^^ferred from Midni to 
Visdwdra, and tents were pitched under ilie shade of a spreading 
Banyan Tree, {Ficits bengalensis), near by the historic ‘ Mul 
Dwarka Dera’ or old Dwdrka Temple, about 500 yards or so NE. of the 

tOWTl . 

To cover ground Intherto untraversed, a south-eastward course was 
taken for i2 miles, along the inland sub-coastal road\vay skirting the 
eastern flank of the long, low, narrow, euphorbia -clad ridge, which, it 
will be remembered, \vas formerly, (on the 24th December, 1915). ob- 
served to be constituted by a thin deposit of coarse, sandy, honey- 
combed limestone, overh’ing the compact, consolidated shell-sand of the 
Dwdrka Group of Beds. This narrow^ ridge was traced to rise from about 
3 furlongs ESE. of Mi am, and to take a SE. crescentic bend for i| miles, 
to vanish thereafter under accumulations of blown -sand, at a mean 
distance of about one mile from the open sea-shore. 

On reaching the ruins of the ancient temple— Panch Derd,— li miles 
SE. from Miani-Durbargadh, — which is said to have once been included 
within the town -limits of the port, in the heyday of its prosperity, — 
well -shaft, adjoining the temple, was inspected and found to show, ac- 
cording to the testimony of the local farmer, a perennial supply of potable 
water ten feet deep, at a depth of only 15 feet from the surface. As far 
as could be made out, the geological structure of the ground showed a 
surface deposit of coarse, false -bedded miliolite, overlying a few feet in 
thickness of Dwdrka shelly-limestone, resting directly upon decayed 
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bedded-lava, through which a narrow dyke of basalt appears to have 
been intruded from WSW, to ENE. 

From Punch Dera, a cut across the open, cultivated countryside was 
taken, mainly over bedded-lava soil mixed with calcareous debris from 
the neighbouring miliolite and Tertiary limestone deposits, in a south- 
eastward direction to a spot approximately one mile N. by NNW. of the 
village of Tukra. This traverse was instrumental in determining the 
boundaries of the lateritic outcrops to the X\V. of the last named village, 
which were found to extend in ridge-like continuity, from a part i i miles 
NNE. of Tukra, for nearly i mile in a NW. direction ; while the drift 
material from these low hog-backed elevations was spread so far and 
wide, as to convey the illusion of a much larger lateritic area than that 
which actually exists. The lateritic outcrops in this particular region, 
moreover, are not in reality constituted b}^ the substance lateritc, as such ; 
that is to say of rock, in situ, that has been altered by metachemic re- 
actions, principally through the agency of monsoon conditions ; but of 
sedimentary stone of the nature of iaterite conglomerates, frequently 
bearing organic remains, or entirely composed of miliolite or earlier 
limestones that have become so highly charged with infiltrated Iaterite- 
products as to have undergone a kind of pseudomorphosis into a material 
closely resembling true Iaterite to the naked eye. Under the micros- 
cope, the precise nature and origin of these rocks, can, of course, be 
instantly demonstrated. 

At rather less than one mile X. by XXW'. of Tukra, the solid rock of 
the bedded-lavas of the Deccan -Trap Series, is prominently exposed at 
the surface to form the banks and bed of a deep stream running from E. 
to \\\, and cut by a rough cart-track leading SSE. to Tukra. The ex- 
posed bedded -lava at this site is of the nature of a closely amygdaloidal 
basalt, sunbaked to a deep brick-red colour superficially ; but does not 
appear to be present in sufficient quantity to claim attention as a profit- 
ably workable ornamental stone. 

Taking the cart-track southward, across the abovementioned 
stream, towards the west of Tukra, another lateritic ridge is encountered 
about I mile XXW. of Tukra which is clearly in continuity with the 
rock registered as Xo. 253, under the new name of Tnkralite, which forms 
the surface of the rising grounds 200 yards XE. of the village ; but, 
while the latter appears to be a medium -textured Iaterite -con glomerate 
with its deep-red pebbles cemented together by a yellow limonitic matrix, 
the bulk of the material, in the present instance, may appropriately 
be named a Pisolitic-lateriie ; inasmuch as it is constituted by a composite 
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mass of pea-sized pellets of laterite, the precise nature of which can only 
be determined by microscopic examination of prepared thin sections of 
the substance ; but which may nevertheless be shrewdly guessed to be 
either of organic or concretionary origin, due to pseudomorphosis. 

W'hatever the origin or nature of these rocks may be, there is every 
reason to expect, that when properly prospected by either core -drilling 
or blasting, a sufficient quantity of sound material in blocks of suitable 
dimensions would be available, and speedily find favour as ornamental 
stones of unique appearance, capable of being easily tooled to vield a 
novel variety of quaint wares, such as fancy vases, clock-cases, orcasional 
table-tops and so forth. 

From Tukra, the south-eastern cart-road, running practically 
parallel with the sea -coast about one mile inland, was taken to the town 
of Visdw^ra, mainlv over soil derived directly from limestones of the 
Dwdrka Series of Beds of probably Pliocene Age ; but, about miles 
NW. of VisHwara the underlying strata of Miocene Age commenced to 
appear at the surface ; and samples of a soft, pale-}-ellow, richlv fossili- 
ferous or Gaj 1 imom tic -1 inrestone were secured Irom a well -shaft there 
being sunk. 

The specimens added to the State Geological Collection, were duly 
registered as follows : — 

Regis-i 

Jtatc. terod I Rrovi.^ioiial Name. la)calitv and Remaiks. 

No. I . 


l-l-ld. ' 277 

Closely Amygdaioidal La\'a. 

Sunbaked to Bnck-rcd Coloui. 

. 1 mile NNW. ot d 
1 of Stream-ford. 

”uk?a rai N. side 

1-1-1 C>, 27S 

j 

Pisulitic Latci'ite . , 

. RKlge-hiiiock, 1 
Tukra. 

mile XNW. of 

1-1-10. 279 

Soft. Licht-vellow, F'ossiliferous 1-^ miles N\V, of 

V’l^awara. New 

i 

CGj Limestone. 

well-shaft. 


1-1-10.* 280 

Gaj Fossils. Molhisca 

. Same site as 279. 



Camp-Station xn — Visawara. 

Adjoining Mnl Dwcivka Derd, NE, of the Town. 

A s ALREADY RECORDED, the camp was duly* installed at Vhsawara 
on Xew Year’s Day, and the monthly accounts of the Depart- 
ment having been prepared, were conveyed on the following day bv the 
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Clerk to the Hazur Office at Porbandar. The Clerk returned to Camp 
on the 5th instant with bad news ; to the effect, that one of the wheels 
of the gharry was smashed to pieces by an accident due to exception- 
ally rough roads on the return journey, and that the vehicle had to 
be conveyed on a cart, back to Porbandar for repairs. 

In the interim, active work was carried on in the camp, by over- 
hauling the collection of specimens, trimming and securing chips for 
microscopical examination, and packing them securely for convevance 
to headquarters ; and, as the gharry did not return duly repaired until 
the evening of the loth instant, it was resolved to carrv on the work of 
surveying on foot, accompanied bv a bullock-cart to carrv the specimens 
collected. 

Accordingly, on the morning of the 7lh instant, a bullock-cart was 
liired for the day’s work ; and, with the help of three coolies, a traverse 
was made of the environs of Visdwara, as follows 

A brief halt was called on the X. outskirts of the town where a high 
crescentic earth -dam serves to collect the surface drainage during the 
monsoon, to form a tolerably large reservoir or talav, which was found to 
still hold a sufficient quantity of water to attract numerous flocks of 
wild -ducks. The main drainage of the northern uplands, flows into this 
talav from the XE. by way of a small stream, the channel of which al- 
ready shows an accumulation of from i to 3 feet of alluvium obscuring 
beds of fossiliferous Gaj, (Miocene), limonitic-hmestone, continuous with 
the deposits already noticed at the surface ij miles X"^\V. of Visawara. 

Immediately to the south of the talav dam, and practically forming 
the foundations of the town, the Tertiary deposits were found to be ovei- 
laid by an appreciable thickness of coarse, sandy, ruddy limestone, of but 
small commercial value, on account of its variable, much broken and 
slab-like character. The stone, however, has been largely utilised locally 
for cottages and w^alls, and was found to tliicken considerably towards 
the SW., S. and SE. of the town, where several well-shafts revealed beds 
of solid but much hone\xombed rock to a depth of about 10 feet. 

About 300 yards S. by SSE. of Visawara the limestone is superftcially 
and sometimes deeply exhibited to form a wide rock-plain supporting 
sturdy clumps of Euphorbia nercifolia, and large slabs of the stone have 
here also been desultonly extracted for local use. 

Continuing southward for about 2i furlongs from Visdw^ira, the 
channel of a stream, running ESE. to WXW. to the head of Visjiwara 
Creek, i mile SW. of the town, was examined and found to have left a 
marginal deposit or low ten*acc of consolidated river -gravel. Before 
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bending to join the Creek, however, the channel of the stream is always 
more or less filled with tidal water, and its re-entering angle and opposite 
bank show good exposures of false-bedded, ver}" compact slabs of shelly- 
limestone, clearly belonging to the Dwarka Group of deposits, which bear 
marks of having been quarried on a small scale. These beds lie exposed, 
practically parallel with the sea -shore, at a distance of about J- mile 
inland, in form of a low ridge which extends from i mile SW. of Visdwdra, 
and runs uninterruptedly for if miles SE. along the NE. bank of the 
Creek. It is just possible that this stone might at some future date be 
turned to profitable account, since it is sufficiently compact and indurated 
to take a good polish and although seldom available in slabs of more than 
4 or 5 inches in thickness, might nevertheless be used for minor omamien- 
tal purposes and for mantelpieces and table-tops under the designation 
of a '' Shell-sand Marble/' 

Evidence of the existence of a gigantic fringing reef of mainly 
astrsean corals towards the close of the Tertiary or commencement of the 
Quaternary Era, forming a huge coral-zone belonging to the Dwarka 
Group of beds, is to be found in fine exposure towards the mouth of 
Visiiwara Creek, at the surface of the \V. scarp, where the denuded dead 
coral-rock, from i to i/ feet m thickness may be seen standing, in situ, 
upon a base of from 2 to 3 feet of rubbly calcareous congiomex'ate. This 
rubbly stratum passes below into beds of apparently azoic, arenaceous, 
compact slabs of limestone which form the bed of the creek. 

The coral-reef at this part, with its associated underlying beds, all 
manifestly belonging to the Dwarka Group, can be traced for a distance 
of over 500 yards seaward ; where the structure, facing the open -ea, is 
capped for about a couple of hundred yards or so by other deposits. 
These latter were found to consist from below upwaids of from 2 to 3 
feet of loosely-textured gravelly-rock, merging abo\'e into a rubbly and 
then compact, cancellated, light ruddy-brown limestone, some 10 feet 
in thickness ; contributing with the subjacent coralliferous structures to 
form a sea-scarp of about 20 feet, covered by a thin laver of blown-sand. 
At the base of this scarp a wdde stretch of fine-sand constitutes the slop- 
ing seaw^ard lx?ach. Samples of this sand of wffiich \'ast quantities, in 
uniform quality, arc available, w^ere taken for laboratory examin- 
ation. 

Turning inland m a NXW. direction for I mile, and about J mile W'. 
of ViSiiW^ara, a couple of w’ell-shafts were examined and found to reveal 
the continuation underground of the coral-reef, already noted as fringing 
the coast -line ; but the corals themselves had undergone considerable 
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calcification by reason of the infiltration and deposition of secondary 
calcitc. The coral -rock, although sometimes employed for building pur- 
poses by villagers, cannot very well be classed, — as it is in southernmost 
India, — ^as a building-stone ; but it might nevertheless be utilised for 
burning into lime of a superior quality, such as is commonly used by 
natives for their pdn-stipdri. 

On the 10 th instant, a second excursion was made on foot, with a 
bullock-cart and two coolies, to explore the coastal region constituted 
by the tongue of land lying between the sea-shore and the south-western 
bank of Vistiwnra Creek, and stretching south-eastward to the northern 
confines of the village of Ratari. 

At about 500 yards E. of \hsawara, a well-shaft was examined and 
found to show a water-level at the depth of 21 feet ; the entire shaft 
being sunk through a highly ferruginous, rubbly and concretionarv con- 
glomerate which evidentl}' forms the base of the deposit of denuded rock 
upon which the town is built, and which doubtless rests upon strata of 
Tertiary Age. 

Proceeding over formerly traversed ground towards th.e mouth 
of Visdwdra Creek, the creek itself was crossed over by wav of a lord, — 
now almost drv, — locally called ‘ Buldh Bara 61 furlongs S. bv SSE of 
Visaw^ra. It was here observed that the succession of strata noted as 
occurring at the mouth of the creek are practically repeated on a 
slightly modified scale. The coral-reef rock was found to be attenuated 
and covered by a thin lat er of gravelly stone at one part where the creek- 
scarp measured but a couple of feet deep ; while scarcely 500 yards farther 
N\V., the 10 feet of creek-scarp showed a replacement of the coral -reel 
rock by a thick deposit of false-bedded slabs of compact shelly and 
sandy limestone surmounted by from 3 to 5 feet of beds of loosely- 
textured consolidated gravelly stone ; which, together with the former, 
had been sparingly quarried for the erect inn ol \'illage dwellings, well- 
shaft linings and walls. 

Cutting across the abovenoted formations for | mile in a south- 
eastward direction to the sea-shore, about i.\ miles S. by SSE. of Visa- 
wara, a favourable exposure was described which exhibited the miliolite 
as a compact solid mass, of much honeycombed, coarse and sandy lime- 
stone in form of a vertical sea-scarp from (> to 7 leet high, resting directly 
upon beds of a very compact conglomerate largely composed of coral - 
rock and hard, shelly-limestone ; the latter being left bare for about ten 
yards, and then cut sharply down to form a second sea-scarp of 4 feet 
nocked at its base by the sandy beach, covered by high-tide. 
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Large quantities of fine sea-sand are found to cover the lower terrace 
of the raised-beach now in the course of formation ; while the upper 
terrace, or surface of the miholite, fumishes a temporary resting place 
for accumulations of coarse shell-sand. Farther inland, all the rocks 
are obscured by blown sand held together nearest to the shore, in the 
form of long, narrow, broken ridges by the strong network of rhizomes 
or underground creeping-stems of the beautiful purple-bloomed Ipomcea 
hiloha ; and a little farther inland, by hummocky dunes, resembling at a 
distance the so-called glacial roches moiitonnces, or the rounded backs 
oi a vast flock of sheep, caused by the growth of clumps of Hcliotropium 
ovalifoliitm, H. indicum and sundry sedges ; — notably Carex indica and 
Cy perns rotundus, all of wdiich serve in no small measure to prevent the 
sand from drifting inland to ruin the adjoining agricultural areas. 

South-eastward of the geological section just described, right up to 
Ratari and beyond, the sand dunes obscure everything and slope gently 
dow'n to vanish beneatli the level of the sea ; and there can be no doubt 
that if excavated, the deeper layers of these dunes w^ould be found conso- 
lidating, if not already consolidated into more or less compact, utilisable 
stone. This indeed is frequently foreshadowed bv the partiallv consoli- 
dated exposures revealed by many of the deeper can on -like runnel- 
channels that serw to drain the dunes during the rainv-scason. 

Samples collected on the previous day were duly trimmed, registered 
and packed as usual, on the iitli instant ; and the welcome gharrv having 
returned, properly repaired, a new traverse, under more favourable con- 
ditions, w^as made on the following day to investigate the structure of the 
countryside to the N., NE. and E. of Visawara. 

Follow^ing the N. by NXE. cart-road from Visawara over ground 
sparingly encrusted with miholite resting upon an equallv slight sub- 
stratum of Dw^arka-beds shelly limestone, the remains of a ruined Temple 
W’ere found .it a distance of \ mile from the town, built upon an outcrop 
of latente, forming a small elevation of about loo vards m diameter. 
At this place the surface of the ground commenced to reveal tlie presence 
of the under ly mg Miocene Ix^ds by an outcrop, overlapping the laterite, 
of Gaj limonitK' -limestone of tlic Pnidaralite type, but much shattered 
and so poorly developed as to lx* commercially wa)rtliless, Half-a-mile 
farther on, in the same direction, slabs of taKe-bedded Dwarka shelly- 
limestone were observed on tlie roaihvay to he <'onformablv upon the 
characteristically vellow' Gaj limestom* tlie apparent dip of the beds 
being caused by their oblique lamination This oblique lamination is 
quite a common ieature of tlu* basement beds among the sedimentary 
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rocks of Tertiary and Post -Tertiary dates and apt to be very misleading, 
on account of the outcropping of the stone, sometimes over a large area, 
at a decided and seemingly constant angle. 

Continuing northward, a recently abandoned well-shaft was exa- 
mined, approximately 2| miles N. by NNE. of Vis^wara and showed 
from above -down ward, j to 4 feet of rubbly Gaj limestone subsoil, fol- 
lowed by TO feet of a brecciated laterite-con glomerate overlying 25 feet 
of much decomposed bedded-lava. No wonder that the owTier of the 
well complained that he had failed to reach the water-level ! On examin- 
ing the surroundings, it was discovered that the deeply-seated, decayed 
bedded-lava at the well -site ga\'c place, a few hundred yards farther 
afield, to an exposure in the channel of a small runnel from the heights 
of the adjacent Anajio Dhar, of perfectly sound and undecayed amygda- 
oidal lava, and as the land belonged to him, the agriculturist was corn- 
ier ted bv the opinion that he would be sure to find the underground 
wator-level at a reasonable depth,— 13 to 30 feet, — by digging down upon 
the spot there indicated. 

Still fartlier north, or just about 2;^ miles X. by XXE. of Visfiwara, 
Anajio Dhar 132 feet above the sea-level, was found to consist of a typi- 
cal, hog-backed hill composed from base to summit of high-level laterite, 
or laterite tormed in siin, through the transformation of a complete cap 
of bedded-lava. Tlu^ E. slope of the hill was found to be encrusted with 
the undenuded remains of a deposit of miliolite-Iimestone, bearing numer- 
ous grains and fragments of laterite. 

From Anajio Dhar, a cut across country, eastward, over ploughed 
fields was taken in the direction of Hatliirini Dera, the soil being mani- 
fest! v derived directlv from the disintegration of beddt^d -lavas ; and the 
journey was continued almost due E. in the direction of Morwara, also 
enuu‘lv over a region of bedded-Iavas 

About one mile bv of Morwara, a well -shaft sunk to the 

depth ut over 30 feet, and abandoned after a fruitless attempt to reach 
the underground water-level was encountered by the roadside. Upon 
examination, it w*as found to have been dug through bedded-Iavas 
exhibiting a ruriouslv fissile structure, not often met with, so as to close- 
Iv resemble the cleavages of a basaltic dyke. This familiar appearance 
must doubtless have misled the native agriculturist to select the site for 
his w’ell-shaft under the mistaken expectation that he would soon secure 
a plentiful and perennial yield of water ; — and may be cited as a good 
example of the proverb that “ a little knowledge is a dangerous 
thing.” 
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Proceeding eastward to within I mile of Morwara, a sinuous turning 
SSW. was taken in the direction oi Keseo, and it was observed that at 
a trifle over mile S\V. of Morwara, the undulating hilly ground there- 
abouts marked the boundary, —trending, thence ward from Sakhput 
village near Hathiani Deni, — of the Gaj I imon it ic -limestone deposits 
overlapping the bedded-lavas of the Deccan -trap. The Gaj limestone 
at this spot is of the natuie of an outcrop of a thin band of broken stone 
of the Pinddralite type overlying an unknowm thickness of fossiliferous 
conglomerate. 

The undulating downs thus formed througli the overlapping of the 
bedded-lavas by the Tertiary or Gaj lim on it ic -limestone beds, gradually 
diminish and disappear on nearing the north end of Keseo, which stands 
upon an eminence of bedded-lava, but, upon descending the slope to the 
south of the village on the road to Palakra, ^ mule S. by SSW. of Keseo, 
a hillock, crowded with clumps of robust Euphorhia neydfolia, exhibits 
a cap of beds to the total thickness ot 3 or 4 feet, in slabs of a coarse, 
russet-coloured limestone, precisely similar in texture and lithological 
characters, to the Dw^arka-beds shell y-iimestone, so frequently met with 
directly overlying beds of Gaj, 1 imon i tic -limes tone elsewhere. Large 
slabs of from 2 to 4 inches thick are available, and the hill-top is literally 
riddled with pits irom wdiich blocks are extracted for local use. 

A wide stretch of rough hilly ground composed of bedded-lavas, 
with occasional cappings and plenty of drift laterite, characterises the 
countryside between the Keseo hillock and Palakra ; but it is worthy oi 
special notice in this place, that at i mile NE. of Palakra a small 
hillock is formed for the most part of a breed ated latente-c on glomerate, 
which frequently exhibits patches of compact tin weathered stone of 
surpassing beauty. Samples of these were secured ; but it would be 
premature to form any opinion as to the uniform occurrence of the mate- 
rial in sufficient quantities for use as an ornamental stone without care- 
ful prospecting. 

Beyond the abovenoted hillock the ground is obscured by lateritic 
drift, wuth occasional revelations of a substratum of Tertiary deposits. 
The latter, however, become plainly apparent at a distance of h mile 
NNE. of Palakra ; while the gentle slope leading to the village consists 
of a rock-plain thickly strewed with large fragments of fine, compact 
Giijlimonitic-limestone of the Pindaralite type, wdiich may also be worth 
while prospecting. 

On the way back from Palakra WKW. to Visiiwaira, it was found 
that the Giij, limonitic-limestone gets gradually covered by later Tertiary 
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deposits belonging to the Dwarka Group of beds ; until, at -J mile SE. of 
ViSiiwara, a deep well-shaft shows the Gaj stone at a depth of 30 ft., as 
the water-bearing stratum, overlaid by 12 feet of rubbly conglomerate, 
8 feet of an indurated russet-coloured limestone (Dwarka), and 10 feet 
of subsoil and soil. 

The specimens collected and registered at \'isawara Camp, are as 
follows : — 


! 


D.ite. 

toicd ! Provisional Name. 

No. ! 

Locality and Kemaik^. 

7-i-lO. 

281 

Russet -coloured, Indurdtcd 8ldbs|XXW. end of Visawara. Over- 
of Limestone. j lapped by Alluvium of Talav. 

7-1-16. 

00 

Coarse, Loose-textured, Gritty 
Huif-brown Limestone. 

300 yds. S. by SSE. of town of 

1 Visawura. 

7-1-10. 

283 

Consolidated River-sand and N. bank of Vokala, ^ mile due S. 

Gravel. ! of VisiUvara. 

1 

7-1-16. 

284 

Compact Consolidated JShell-sand. 
Has been slightly quarried. 
Large exposure available. 

[ 

4 mile S\V. of Visawaia and t 
[ mile N. of Creek- mouth. Runs 

1 NW. to SE, in good exi3osure. 

i 

7-1-10. 

285 

Coral-reef Rock, ( Astrsean). 

500 yds. or more. 1 to 2 ft. 
thick. 

8 mile SSW, of Visawara. W. scarp 
01 Creek- mouth. 

7-1-16. 

286 

(7oral-rock, (recalcified) Near top 
of well-shaft. 

W m. W. of Visawaia, and ] m 

1 Inland. 

7-1-16. 

287 

Rubbly Coral-rock. 

Immediately underhing 286. 

7-1-16. 

288 

Arenaceous Dwarka Limestone . . 

Immediately underlyini? 287. 

7-1-16. 

289 

Coarse, Loosely-textured. Gra- 
velly Sand. 

2 to 3 ft. thick. Immediatelv 

overlying 285. 

7-1-16. 

290 

Rubbly, C^ompaet. Pale -ruddy 
Limestone. 

10 ft. thick. Overlying 289, an<l 
forming Creek -scarp. 

7-1-16. 

291 

Indurated, Sandy, Ruddy, 
Honeycombed Limestone. 

15 ft. sea-scarp. Overlying 290. 

7-1-16. 

292 

Fine, Sea-beach Sand, in large, 
uniform quantities. 

200 yds. wide Beach at base of 
Sea-scarp 291. 

10-1-16. 

293 

Highly-ferruginous, Rubbly, Con- 
cretionary, Conglomerate. 

Surface and 20 ft. deep, 000 yds. 
E. of Visawara. 

10-1-16. 

(M 

1 

Coral-reef Conglomerate. Zone 
of Consolidated Shell-sand. 

m. S. by SSE. of Visawara. 
SSW. 2 ft. scarp of Creek. 
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Date. 

Regis- 

tered 

No. 

10-1-16. 

295 

10-1-16. 

296 

10-1-16. 

297 

10-1-16. 

298 

10-1-16. 

i 

299 

10-1-16.! 

300 

12-1-16. 

301 

12-1-16. 

: 302 ; 

12-1-16. 

303 

12-1-16. j 

304 

12-1-10.: 

j 

30.3 

1 

12-1-16.! 

306 

12-1-16.' 

1 

307 

12-1-16. 

308 ' 

12-1-16. 

30!) 


Provisional Name 


Loosely-textured, Consolidated, 
GravcUv-rock. 


Loc al it V and Re m arkt* . 


Immediately overlyina: 294. as 
a thin superficial crust. 


Compact. Consolidated Shell-lSSW. 6 ft. scarp of Creek, ^ m. 
sand. Same zone as 294. False-! S. by SSE. of Visawiira 
bedded. | 

Looselj'-textured, Consolidated Overlying 29(). Quarried ,4 to 4 

Gravel. Same zone as 290. j ft., for village dwellings 

jCoral-recf Conglomerate. Same 4 ft. Sea -scarp. IV m. S. by SSE. 
Zone as 290. ^ of Visawara. Below high tide. 

jCoarse. Sandy, HoneyconibedJO to 7 ft. Sea -scarp. 10 yd'^. inland 
Buff-browai Limestone. ' from 29S. 

, i 

jCoarse, Loose, Blo\\n Sbell-sand. Overlyiui. fora few vards,No. 299. 
1 to 2 ft. deep. \ 

Gaj, Limonitic-limestone. . . . \ ni. N. by XNF.. ol Visawara. 

Coarse, Shelly -limestone. Over- I rn. N. by NNE. of \hs£iwara. 

j lying Gaj Limestone. | Surface of Road^\ay. 

Altered, (laterised), Gdj Lime'!2| m. N. by NNE. of Visawara. 
stone-conglomerat(‘. j 19 ft. below surfaee of well-shaft . 

Laterite. Partly altered by Cal-.Summit of Anajio Dhdr, 21 m. 
careous Infiltrations. N. by NXE. of Vl^av,'ara. 

Miliolite-limestone, with contain- E. ^lope of Anajio iJhar. deposi- 
cd fragments of Laterite. | ted on 304. 


Fissile Bedded-lava. 


. . 1 m. W. by WSW. of Moiwara. 


Rudd\, Indurated, Limestone. Summit cap to Hillock I m. S. by 
(Dwarka). Slabs, 1 to 2 ins. ; SSW. of Kcseo. 

' Brecciated Latente-conglomerate,;Small Hillock. 1^ m. NE. of 
with miholitic matrix. j Pilakra. Ornamental, if enough. 

Gaj, Limonitic-limestone. Super- Slope of Hillock, ^ m. NNE. and 


ficial broken blocks. 


surroundings of Palakra. 


Camp Station Xni. Katela. 

A'. Outskiris of the Village. 

A t 8 A.M. on the i [th instant, tents were struck at Visawara, and 
the camp was removed to Katela, and pitched by the side of a 
Dharamsala on the X. outskirts of the village, which is situated 
about I mile distant from the sea-shore. 
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The journey from Visttwjira to K;itela was planned to covxt as 
much untrav'ersed ground as possible by a rapid run south-eastwardly 
to Pdlakra and from thence ESE. for if miles to meet the cart-road 
leading from Morwara. SSW. to Ratari. On reaching Rdtari, a course 
SE. by ESE. was followed via Bardia to Sirinagar, and thence S. to 
Katela. 

Observations by the way, were made at Palakra as follows The 
Gaj, li men i tic -limestone which was formerly noted to cover the surface 
surrounding the N\V. of the village, was traced to tail down smith- 
eastwardly for about \ mile ; but the ground immediately to the S. 
thereof, or ESE. of Palakra village was found to be largely later itic. 
Samples were taken and well -shafts examined aoo and 300 yards ESE. 
of Palakra to show a superficial deposit of thick slabs of miliohte-base 
conglomerate, crowded with fragments of laterite and Guj -limes tone, 
overlying a deep layer of laterite -con glomerate, resting upon beds of 
Ghj-limestone, at a depth of 30 feet, coincident with the underground 
water-level. 

During the traverse from Keseo to Pdlakra on the 12th instant 
a glimpse of gleaming yellow in the distance, about J mile to the SE . 
was obtained ; presumably occasioned by exposures on the scarp oi a 
small stream, indicating the presence thereabouts of yellow-ochre ; 
which, from former experience elsewhere, was noted to occur in best 
development in the upper portions of Tertiary subsoil overlapping 
formations of laterite. It was therefore anticipated that 3’ellow-ochre 
of good quality and in quantities sufficient for commercial purposes 
would probably be found eastward of Palakra. 

On reaching a spot about one mile E. by ESE. of Palakra, the ground 
was carefully examined in a north-westerly direction, for half-a-mile, 
up to the banks of the yellow-scarped stream abovenoted. An 
abandoned well-shaft was found, sunk to a depth of 15 feet tlirough 
>oil merging below into greyish day followed by an unascertained thick- 
ness of bright yellow-ochre of e.xcellent quality. Up to the present 
this material lies hidden beneath a wide area of cultivated land, ana 
has not hitherto been utilised in any way ; although similar material 
elsewEere has been exploited and exported to the Bombay market. 

It may here be explained that the material found near Palakra 
tallies precisely with the ^^eliow-ochre of commerce m consisting of an 
excessiveh' fine-textured marl, richly indued with limonite or h}'drate 
of iron, in a pulverulent or friable condition. Large lumps of the mate- 
rial capable of being easily- crushed into an impalpable powder of a 
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brij^ht-yellow verging on orange colour, arc available ; and, from the 
indications already observed, it appears probable that a very consi- 
derable quantity exists immediately below the superficial layers of soil 
and subsoil ; so that it would be worth while estimating the exact extent 
oi the formation by tiie employment of a prospector’s core-extracting 
boring-drill. 

Yellow-ochrc is much esteemed both locally and in Peninsular- 
India, as a basis for cheap distempers and paints, and is also largely in 
demand by colour manufacturers for the production, by calcination, 
of the popular pigment technically termed ‘light -red/ It was noticed 
that the large lumps of the substance, excavated from the well -shaft 
near Palakra and left Iving exposed to the fierce ravs of the sun, were 
much mottled and superficially streaked with patches and bands of 
light -red. 

At a distance of miles E. by ESE. of Pdlakra, the countryside 
again assumes the aspect of a barren plain with sporadic patches of 
<'ultivated ground thickly strewed with fragments of laterite-con glo- 
merate and pisolitic-laterite, and these were traced to a hog -backed 
ridge, 5 furlongs in length, trending from N. to S. and rising to a summit, 
57 feet above the sea-level, a trifle over i| miles E. of Palakra. 

On reaching the pdhlia i] miles E. by ESE. of Palakra, a tunyiig 
SS\^^ was taken along the cart-road leading to Rdtari, and here the 
canal from the Ger or Great Freshwater Marsh, about a mile farther 
XNE., was examined and tound to show a bed of coarse slabs of gritty- 
limestone. This canal eventually discharges the surplus monsoon 
water on to a drainage slope, leading into the upper reaches of the 
Visawiira Creek, nearly -o mile N. of Ratari. 

R^tari itself is built upon a foundation of limestone belonging to 
the Dw:Irka Group ol beds, which overlie the Gaj, or iMiocene deposits 
conformably, and which were probably formed continuously during the 
Pliocene period and even after. These rocks were found, with occasional 
crusts of Pleistocene or Sub-recent miliolite to predominate all the wav 
along the inland roadway from Rdtari via Bardia, up to the confines of 
Sirinagar ; but were pierced through apparently, by sundry outliers or 
ridge-tops of laterite ; notably by a small eminence, rich in separations 
of iron-ore, which trends from NXM/ to SSE. 500 yards \V. of Bardia, 
and another similar outcrop about i mile NXW. of Sirinagar. 

At Sirinagar, a compact, slabby and much cancellated Dwarka 
limestone, quarried superficially on the M'XW. side of the village was 
cursorily examined ; but, as it was growing late, a rapid drive was taken 
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southward, for a mile, to expedite the pitching of the camp at 
Kate] a. 

Additions made to tlie State (rieological Coliection were registeied 
as follows : — 


Regis - 1 
Date. tered | 
; No, I 


14-l-lG 

310 

14-1-lG 

311 


312 


313 

14-1-10 j 

314 

14-1-10 

31.3 

14-1-10 

1 310 

14-1-16 

317 

14-1-16 

318 


Provisional Xame 


Locality fijul Remarks. 


Latente-Gaj Aliliolite Goiiglome- 8urfaep-rock. Roadway. 200 yds. 
rate. i ESE. of Prilakra, 

MilioIite-ba<e Conglomerate. WithjSurfaee-rock. .‘J to 4 ft. of slabs. 
Eaten te and Gaj pebbles, etc. ; 300 yds, E!?E. of Piilakra. 


'Laterite-coT^glomerate. with lim> A'ndcilynig 311 in well-shaft 
] in tilt rat ions from Miliolite. lU ft. trom surface. 

Yellow -ochre, from well -shaft. . . 1 mile E. In ESE. of Palakra. 

, Pisolitic Latcnte. Comjiact orna-! Ridge XXW. toSSE., miles E- 
mental stone, if enough. of Palakra. 

1 

Gritty Limestone (Dwdrka ?) . . , 1 mile XE. of Ratari. Bed of Canal. 

|Laterite. Fairly rich in Iron-ore. . '.jOO yds, W. of Bardia. 

, Pale-yellow Limestone. Dwarka 100 yds. ESE. of Bardia. Slope 
I Ctioup of Beds ? , of hi 1 lock. 

Russet. Indurated. Cancellated .50 yds. WXW. of Sirinagar. Stone 
I Limestone. Dwaika Group. on which village stands. 


Having completed the trimming, registration and packing of speci- 
mens, a visit was paid to Patel Nathu Haja's u.'ari and a new well- 
shaft being sunk in his grounds on the afternoon of the 15th instant. 
Ihe Patel (of Katela) provided a bullock-cart for the sliort jouiney, 
I i miles E- by EXE. from the village ; and it was noticed that the 
ground for fully | mile was covered by thick slabs of coarse miliolite, 
which extended eastward over the State Jungle-reserve there situated, 
but was denuded dowm to nil northwardly, where the underlying 
strata eventually became exposed on nearing the site of the well-shaft. 
This well-shaft, now being enlarged, showed a rubbly and earthly, limy 
conglomerate of a somewhat concretionary character to a depth, from 
the surface ot 15 feet, overlying a russet, indurated and cancellated 
limestone reaching down to the water-level at 40 feet. 
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Daya Lagdhir, the hnnhhar of Katela , having drawn attention 
to the unusual excellence of his earthenware, accompanied the writer 
on the following morning, the i6th instant, to Sirinagar, to point out 
the site Irom which he was in the habit of digging out his supplies of 
clay. This led to a careful observation of the northern surroundings 
of the village, where it was found that the upland surtace drainage from 
the great Ger or Freshwater Marsh, a couple of mile> to the X. and XE., 
collects to form a small stream running towards the Xhh of Sirinagar, 
to be dammed up on the X\\\ side of the \'illage to form a talav or reser- 
voir. The bed of this talav and its X. and E. surroundings, show inter- 
esting outcrops of Fiaj, limonitic-lim.estone ot the Pindaralite type, 
but in fragment ar\ beds, overlvmg a deep deposit of Gaj conglomerate, 
which is particularly rich in typical Miocene Molliisca, and from which 
a few fossil shells, including the internal cast of a large specimen of 
Stromhiis gigas, were secured. 

Alluvial clay, freely incorporated with dissociated grains of Ghj 
limonitic limestone to constitute a kind of dark-grey, plastic miarl, is 
deposited vear b\’ \'eai upon the bed of the :iffluent to tlie talav ; and, 
when diA'ing after the monsoon, forms a deep layer of potter’s-clav, 
whicii is accounted to \uekl the best quality of material, on the low, 
southern scarp of the stream, at the XE. end of the village of Sirinagar. 

Towards the X\\\ dammed border of the talav, about 200 yards 
X. by XXW. of Sirinagar, the russet -t'oloured, coarse and cancellated 
limestone, wliich was noted to be slightly quarried \\"XA\ . adjoining 
the village, is found to thin down into slabs, the lower beds of which 
are crowded with fossil shells of probably Miocene age ; but the litho- 
logical characters of the stone dirfer so markedly from the immediately 
underlying beds of Gaj limonitic -limestone and its sul>stratum ot 
fossiliferoiis rubbly-c on glome rate, that these beds, which, to the naked - 
eye, and even under the microscope, are closely similar to the much 
later deposits of miliolite, must be assigned to the Dwarka Group ot 
beds : — Upper Miocene, Pliocene and probably Early Pleistocene. 

At the N. end oi the Sirinagar talav, a very old well-sliaft was 
e.xamined. and found to contain a puddle of water at a depth of 35 feet, 
issuing irom clefts in a hard later it e, which is manifestly overlapped 
by the Tertiary deposits of the GA] Group of beds noticed 
above. 

On returning to Katela betimes, the opportunity was taken to 
investigate the geological structure of the coastal land lying between 
the village and the sea-shore ; — a distance of about 6J furlongs. It 
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was ascertained that the sea at low-tide reveals the presence of a very 
rough, gritty-conglomerate m which niiinerous shells of recent mollusca 
lie imbedded ; and that this fast -forming selvage of rising-beach is 
covered on the shore -side by about 50 yards or so of sand, blown up 
inland into flat -topped ridge -like dunes, held together bv growths of 
Ipomcea hiloba for 100 k'et or more ; a low plain of ('onsolidated sand 
thereafter intervenes, for about 200 yards, and is followed by a succession 
of higher dunes, lield together by clumps of Heliotropiuni ovalifolinm 
and a few sedges and grasses in the form of a number of closelv crowded 
small mounds. These larger inland dunes of blown -sand slope down 
gently for 500 yards or more to tlie lower level of the cultivated fields, 
yielding good crops of carrots, brinjals and a few other vegetables ; — 
as the natives do not appear to be ambitious enough to excel as market 
gardeners. Approaching the village there is a long, low, narrow-ridge, 
only 100 yards wide, of hard, gritty limestone, wiiich was traced to 
extend from the S. of Ratari, past Katcla, rght up to Kiinchri and 
beyond that village lor fully miles. The true nature ot the stone 
forming the ridge, remains to be revealed by microscopical investiga- 
tion ; but it does not appear to be of any commercial value. 

Shortly after dawn of day on the 17th instant, after perambulating 
the purlieu'^ of Kdtela on its southern seaward side, a traverse was made 
to Kunchri and north-eastward to the southern limits of the great Ger 
or Freshwater Marsh, and from thence westward and tlien southward to 
Sirinagar and back to camp at Katcla, thereby covering a large tract 
of new ground. 

Observations made at intervals on the way Irom Kate] a SE. by 
SSE. to Kunchn, sliowed a superficial deposition of stone and sand, 
essentially similar to that already recorded with reference to the sea- 
board at Katcla. I"or example, on reaching the ancient pile, called 
Khimeshwar Dora, it was noticed that the sand-dunes slope to tlie very 
edge of the sea, covering a rough littoral of forming conglomerate ; 
but that the blown -sand is here almost entirely . held together, by 
clumps of Heliotropiuni, Cy perns, Car ex and a few grasses ; — the 
beautiful creeping Ipomcea being ‘ conspicuous by its absence.’ 

Passing ESE, from Khimeshwar Derd to the S. side of Kunchri, 
the long, low, narrow ridge of gritty limestone or shell -sand, was crossed 
about 200 yards SSW. of the large village, and it was found that the 
rock underlying this, and which outcrops on the E. and KE. of the village 
beyond the confines of the salt-water inlet there situated, consists of a 
finely textured, white to buff and sometimes ruddy, appaiently azoic, 
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arenaceous limestone, which corresponds closely to the stone that 
immediately underlies the coral-reef rock and shelly limestones of 
Visdwdra Creek-mouth, and may therefore be taken as its equivalent 
in this situation. 

Loc^aily called “Kunchri-stoned’ large slabs of the material, (which 
is almost slialy in structure, and therefore of but small commercial 
\'alue), are dug out from the shallow deposits, obscured bv a coating 
of alluvium, ior local use , —notably on the causeway spanning the 
inlet on the NE. of Kunchri. Passing bv these superficial excavations 
of D War ka -beds limestone, the traverse was continued XXE. to Ren.o 
wiira and beyond, right up to the flat alluvial plains bordering the 
southern limits of the great Ger. Here, the westward road from Sinuini 
was followed for over miles, in the direction of Palakra, over flat 
fields of alluvium, sometimes thickly strewed with drift stone of a mis- 
cellaneous charactei. 

At i|- miles ESE. of Piilakra, the SSE. cart-road was taken, lor a 
couple of miles, to Sirinagar, over ground constituted for the most part 
of soil and stone derived from underlying limestones of tlie Dwiirka 
Group ot l)C‘ds. Through these beds, at about \ mile X. bv XXW. ot 
Sirinagar, a narrow ridge of about one furlong in length, and trending 
approximately from XX\^^ by X\\\, to SSE. by SE., protrudes, and 
manifestly consists of a cap ot high-level laterite, bearing a deposit of 
laterite-conglomerate at its summit. There can be no doubt, that thr 
laterite found at the bottom ot tlie Sirinagar-talav well-shaft, is part 
and parcel of this formation. 

On the 19th instant a drive was taken to the Patel of KatelaX 
garden, where a few ot his friends had assembled to take tea ; and tlie 
company were led by K. S. Shivsixhji ot Sirinagar, through lus own 
gardens and fields, to inspect a new well -shaft, I mile SE. of Sirinagar. 
Here it was found that a somewhat rubbly russet -col cured limestone 
presumably of Dwarka-beds age, to a depth of 15 feet, was followed by 
an indurated-limestone conglomerate down to a depth of 30 feet and the 
underground water-level. On the return journey to Katcla, it was 
observed that the deposits abovenoted, which appear to belong to the* 
last-formed of the Dwurka Group of beds, are covered south-westward 
by tliick slabs of coarse miliolite -limestone. 

It was decided on the 21st instant to remove the camp to Degdm 
as the next centre of operations, and the journey there trom Katela 
was accordingly planned to cowr as murh untraversed ground as 
possible. To that end, the ('art-road inland, was followed SE. a little 
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beyond the site of Kliimeshwar Temple, which had previously been 
examined : — on the 17th instant. 

Upon this occasion it was noticed that a line of pits were being 
excavated about I mile SSE. of Khimeshwar Temple, and somewhat 
less than that distance from tlie sea-shore. These shallow pits were 
lound, upon being followed up, to border the coast -line almost con- 
tinuously, tor a distance of more than 3I miles in the direction of Por- 
bandar-City, and to be desultorily worked at irregular interval-. At 
the Khimeshwar Dera end. solid blocks of stone are yielded at a depth 
of 10 ieet from the surface, and are sold at tlie pit-month for Rs. 3 per 
hundred block-, each ronghh' measuring 14 by 9 by 6 inches. Tiie 
stone is a sub-recent, consolidated, shell -sand of loose and verv porous 
texture ; but sufficiently strong to be found useful for the building of 
cottages and other small native dwelling-houses. At Khari Khun 
near Khimeshwar and Kunchri, it is of a white colour, and seen to be 
composed principally of the comminuted diells of recent molluscs 
and other marine forms of life ; but at other places, the -tone 
grow- brown or grey by the oxidation of an excess of iron which it 
contains. 

Cuttings through the low dunes at Khari Khan, J mile \V. of Kunchri 
serve to demonstrate the true nature and origin of these formations at 
a glance. For a depth of about 10 feet from the surface of the blown 
shell-sand the pit-backs show admirable sections revealing the percolation 
of carbonated waters through the compacted sand in form of an elongated 
meshwork of cracks filled with segregations of comminuted marine 
shells, bound loosely and then more closely together with secondary 
lime. These combine to produce a vert ic all \' elongated reticulum of 
white stone, the meshes of which grow shorter and broader from above- 
down wards to a depth ot 10 feet, after which the stonv meshwork 
coalesces to form a solid mass of beds to a total depth of five feet or so. 
These beds vary from b to 9 inches in thickness, and probably originate 
by reason of successice breaks in accretion from season to season. The 
interspaces between the meshes of the upper parts is filled with onlv 
partially coherent shell-sand of a brownish colour, bearing numerous 
shells, principally of recent molluscs, and the entire formation, thus 
clearly shown to be sub-aerial, rests upon, or rather overlaps tlie fast- 
lorming coarse, littoral-conglomerate seawards, and the shelly and 
other limestone beds of the Dwarka Group inland. The recent rock:^ 
of the coast -line at this part, are therefore of a two-fold nature : — littord[ 
and sub-aerial in origin, and both of these overlap the much older formed 
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and weather-worn beds of the Dwarka Group ; — Pliocene to Pleistocene 
of the European Geological Record. 

Although tlie extensive excavations bordering the sea-shore from 
K^mchri practically right up to Porbandar-Citv are nowhere deep enough 
to reveal exposures of the strata underlying these sub-aerial accu- 
ni'ilations, there are fortunately a few well-sliafts in the neighbourhood, 
where the superposition of the beds can be clearly distinguished. One 
of these, now being sunk, 2 miles of Bokhira, was examined and 

lo'ind to show a surface deposit, b feet thick of the sub-recent consoli- 
dated shell-sand, of a brownish -grey colour, but in all other respects 
similar to the Khari Khan white stone, overlying Dwarka Group beds oi 
a compact, ruddy and somewhat splintery, apparently azoic limestone ; — 
comparable to that occurring on the E. and NE. of Kunchri, at tlie surface. 

After traversing the western borders of tht" marine backwater 
and passing to the east side of Kunchri, the upper EXE. cart-road was 
followed to Degam. The track very soon became cxcesbi V(‘I\' rough 
and rutty, by reason of the outcrop ot false-bedded, apparently azoic - 
sandy limestones, varying in colour from white, to pink and yellowisii 
brown. About I mile \V. of Degdm the surface of the ground is every- 
where trenched to depths of from two to ten feet, and huge slabs ot stone 
extracted and trimmed into building blocks, winch are said to be m 
constant demand for the foundations of dwellings. The blocks fre- 
quently measure feet in thickness ; but these are invariably consti- 
tuted by layers barely exceeding an inch in thickness, more or less firmly 
lield together by a coarse often highh’ ferruginous material, along which 
the blocks are always prone to split. WTien moderately sound blocks 
are laid with their lamina: horizontally disposed, howev^er, the stone is 
accounted to be exceptionally strong and capable of withstanding 
enormous crushing power. E^nfortiinately, it is too coarse and variable 
in texture to be used for front elevations of urban buildings, and would 
not therefore realise prices to justify exportation to large centre*^ of 
distribution. 

Immediately underlying the deposits of Degam -stone, which is 
practically continuous with the essentially similar Kunchri -stone, both 
of which belong to the same uppermost beds of the Dwarka Group, 
there lies a deep but very variable deposit of richly iossiliferous conglo- 
merate, which doubtless represents the base of the beds abovenoted 
and presents a Pliocene if not Post- Pliocene facies. Samples of stone 
from these beds were obtained from the bottom of a 30 feet deep well- 
shaft, I mile W. of Degam. 
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Specimens added to the State Geological Collection are as follows : — 
i Regis-] 

Date. 1 tcreJ Provivimi,;] Name. Locality aad Remarks. 

No. ! 


j.Vl-D)., 310 RiiljMy. induiatecl a;-d ( ’ao - Well-shaft surface. Patel Nathu 
(.ellatcd Jamestoiie. (Dwarka). Hdjas Wari, 1 miles E. by 
Earthy, f ’oiii/lomeiatic-ba-^c. ENE. oi Katela. 

I.Vl-ld. i 320 Russet, (‘empact. rancellated Same locality 310. but from 

' i^imestooi'. r?iniilai to 3 IS. lo to ^0 ft. below surtace. 

IO-l~i0.i 321 Extra-good Pottei's ('lav. Alia- Hui lace pit.'^. scarp ot uala. NET 
; viu'ii aud (blj Soil mingled. side ot Siriiiagar village. 

lo-I-Id. , .322 Shcily-limc^tone. Shaloid Slabs. NW. edge of Tala v. 200 yds, tiom 
Lower ])art ot 3L‘'. Sirmag.ir village. 

Di-I-lO I 323 Cia] Limo.jtic-Iinievtnne. Full oi Immediately uiiderlyuig 322 
f 0'>>i Is : — SiroitifiU'-. fk. 

He 1-1 0. 1 324 Lateiite. Euttom ot 3o It. well- In 'Tala\ Lhderlyn]g 323. 

shatr, , 

Hl-I-lO I 325 (iTitty. F'aLe-bcddod Limestone . ^.500 yards SW. of Ki'itela. 

17-I-](). 32f) Shcliy-limestoiie. (Dwaika) .. '2(M> yards 8SW. of Kunchri 

IT-l-lb.i 327 Cnm})act Limestone in Slabs. 2 NNE. of Kuuclni. Vndei* 
' ' (Dwr'lrka). (Quarried for Pause- lying thin Alluvium. 

! , wav. ' 

I '' ' 

17-1-1 (i. 328 SheIly-Graveny-(/ougIomerate. Ex- 14 Jnile^ NNE of Km.chji 

pose<l h^ ero''ion ot nala ' 

17-1-D).' 320 iPompact Sh(dIv-limestone. .. Gvci lying 32S 

! ' ' 

17-1-10. 33n Bi'ccchrted. Limy-conglomeTate. 2 Surface of well-shatt. .“iUOyard^ S. 

: to 3 feet deep. by SSE. of Renawara. 

I 

17-1-10 331 iCompact Limestone. In thm Same site as 33(L 4 to 10 It, from 

j slabs. (Dwaika). ^ surface, 

17- 1-10. i 332 |(,*ouipact. Shcllv-limestone. . . iLhuleilving 331 . 

I ‘ : ' 

] 7 _].^l() 333 iGaf. Limonitic-hmestone. Co*i-, Underlying 332. 25 ft. bottom oi 

! taming curiou.^^ (fossil)?- well-shaft. 100 yards 8SE. of 

I st ruet urc'^, | Ren a wara . 

17_1_10. 334 iLatente-eon glomerate. Compact. -Narrow hi i lock, ] mile N. by 
j oriiamentaj. if enough. NNW. of Sirinagar. 

jjVl-lO. 335 Sandy-Iimestone. (’ancellated.'oOO yards SSW. of Kdtela and f 
0 mile long, low (.’oastal-ndge. mile from 8ea-shore. 

10-1-10. 330 ,8aiulv-iimestoiH‘. In slabs. 


. . I mile ENE. of Katela 
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s Rcirb- 

Date. ! tore cl 
I Xo. 

i>i_i_n) 330 

' 340 

21 -UlO ' 341 
21 -Ulfi ^ 342 
21 - 1-10 I 343 

I 

2 I-I-I 0 ' 344 
21 - 1-10 : 343 

3-M, 

21 - 1-10 347 


Provisional Xamv Locality and Remarks 


RiibOly, Russct Liine.stoiie. Sur- Xew wcdl-slinlt of K. S. Shiv- 
facc. l.jtt. dec 7 >. siuli}!. \ mile SE. «■>!’ ^’^iriiiacrar. 

Indurated Limestone^ trorn Rub- rndcrlyiie.: 337 at deptli of 30 t<- 
bly (‘onydomerate (Uwarka). water-l^vcl 

Sub-recent ( V>n^oiidat( d Sliell* Khiin Khrie. ] mde W.of Kiii''" !iii 
sand, 10 to 13 ft deep. 

Pai'ttally { V)n-,olidated Shell’ Sup(u Ocia i an<l iiOfr-u tieiihr 
Srijid portioii.s of 33!> 

Fos.sds from Sliell-'sand . . . . Same site a^ 3310 .‘ilo. 

Compact Shelly- hmcitone. . . 4 Iveriappcd nd o d by 330 

Consolidated Slull-^and. Loosely 2 iiiiii -. \VS\Y. of Rokhira 0 ft 
textuied. Sub-nceiit thick Sui fai e nf uell-slufp 

Compact, Spimtery Limebtoiie . . Overlapped by 343 

Com [)act- White Limestone. Sur- 11 m:h‘S WSW of Oeyam On 
face. Fa L' - bedded Sla*b'?. roadside. 

Compact. White Lime.stone. oft \ mile W of Deeam Lu'ecdy 
dee]>. Sin face Slab-,. f|Liarrie(l. 

Richly Fo',-,Iliferoiis(f)\varka )Limc- W(41-shaft bottom. 30 ft } mile 
stoiic'. Underlvit'e. 340. \\\ of Decam, 


Camp-Station XIV. — Degam. 

E, side of the Toicn, 

L J POX arrival at Dcy^am, (onsidorable cli.Riculty vas experienced 
/ before tents were pitched ; as the expert ''Pharas* or tent man who 
iiad been attached to the camp was withdrawn, and substituted 
another who did not understand his work satisfactorily- It was 
therefore dark before things could be got into good carder, and the best 
part ot the day following, — the 22nd instant, — was taken up with 
minor matters ; so that there was just barely time enough in which to 
pay a visit to the salt-pans of the State, i|- miles to the NW. of 
Bokhira. 

Covering an area of about i niile in length by furlongs wide 
at its broadest part, the State salt-pan^ are conveniently situated on 
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the barren, flat border of the backwater or salt-water waste, which ha^ 
its inlet at Porbandar Creek and broadens out north-westward to termi- 
nate in a shallow swamp to the north-east of Kiinchri. Porbandar Creek 
itself, swerves round the City south-eastward to eventually join the vast 
depression known as the Great Salt -waste, which stretches far and 
wide south -east wardly to Navi bandar and beyond. 

Alluvial deposits obscure the bed of the backwater in the region 
of tile salt-pans ; but, from observations of outcrops on the roadwav 
north-westward from Bokhira, it is at least certain that the underivin^ 
strata belonit to the Dwjirka Group of beds, equivalent with tho^e that 
stretcii NVvh to the confines of Kune hr i and N. to Degam. The salt- 
pans are projected after the fashion of native wlieat- fields, into a number 
of rectangular beds or shallow tank>, divided by channelled mud-ban k^ 
or aqueducts ; and the brine from the backwater is collected at high- 
tide into a well -shaft or reservoir adjoining, from whence it is radsed as 
required by leathern buckets and bullock labour, to be allowed to flow 
by gravitation into the prepared pans. Evaporation, by the tierce 
rays oi tlie sun does the rest; and, so soon as a sufficiency of salt has 

been precipitated, usual I v in cakv ia\ers of about an mch or two 

in thickness, it is simply gathered by liandfuis, rinsed in the 
remaining brine, and tlirovTi into heaps, to be gathered tor the 
market - 

Samples of the salt, as well as of the mother-liquor, were taken 
lor analyses, with a view to determining whether it would be possible 
to profitably purify the former, or utilise the latter for the separation 

ot magnesium chloride. It may however, at once be stated, that it 

would be a matter of extreme difficulty to collect a sufficient quantitv 
of the motlier-liquor left behind, after the salt for market is removed, 
under existing circumstances. 

On the 2 \th instant, an excursion was planned and successiuily 
carried out to explore the whole of the region lying north of Degam that 
had hitlicrto remained iintra versed. A drive was taken \VN\\h by 
N\V. for a distance of 3 miles to Renawara, and notes by the way were 
made, showing that the white arenaceous limestone of the Dwarka 
Group, so plentifully present at the surlace surrounding Degam, gradu- 
ally thins down in the direction of Renawara, where the superposition 
ot strata was veil exemplified by a well-shaft ^ mile ESE. by E. ot the 
last-named village. Hereabouts, the surface to a depth of 4 feet, was 
seen to consist of beds ot a richly fossiliferous limestone, dearly forming 
the lowermost portion of the Deg^im-stone deposits. Below this there 
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could be ideutitied about 5 teet of a coarse cons^lomerate, largely 
composed of fragments of Gaj limonitic limestone, resting upon 4 feet 
or so ol more or less compact limonitic limestone of the Pind^ralite 
type, but too much broken and irregularly jointed to be of any com- 
men ';il wnlue. 

From Renawara a NNE. course was taken along tlu road to Bhjir- 
wara for about a mile; but, upon reaching a place -J mile X. by XXE. 
of Kenawrira, the surf act* of the ground was found to exljibit a distinctly 
Miocene facies^ and it was there! ore fortunate that a small disused well- 
shaft was found at Iiand showing a ver\- r.clily fossiliferous stratum of 
shell V, limonitic -limestone (of which a line museum specimen wCtS 
securt^d). over]\'ing a bancl of compa('t Gdj jmiestone of the Pindaraiite 
type. 

In consideration of iht* circumstance tliat the^e finely textiir<Mi 
bands of ornamental stone, namely, the dolomitiferous Pindaraiite 
and the hindered Bharwaiailite, are invaiiably developed, in t'ommercial 
«:onseqnence, only locally, it would be desirable, wlierever they art 
detected, to make use of a prospector’s core-extra<ding elrill • as it is 
more tiian likely that when placed upon the market both Pindaraiite 
and Bfiarwar.'ilite would speedily find fa\'oiir In reason of their intrinsic 
merits ;--to wit, their pleading tones of pale to rich yellow, orange and 
einnaiiion huts ; the ease with which they can bt* delicately carved ; 
and, the light polish or tine matt surface winch can bt* most readily 
imparted to the materials under conr?. derat ion. 

Continuing XXE. along the cart-road to Biiaiwara up to the nether 
alluvial fiats of tfie Ger or Freshwater iMarsh, a cut across tlie pathless 
countrvside was taken in tlie direction of Simani, and an opportunity 
afforded for collecting additional good specimens of Miocene corals 
from tile zone exposed by a cutting nearly opposite to the Babadeshwar 
Temple on the made -road leading from Degam to Bharwara and beyond. 
Thereafter, a rough cart-track was followed soutli-eastwardly to the 
village of Pjindawadar, necessitating a short traverse owr latente ground, 
which it will be remembered was formerly noticed as an extension of 
the lateritic ndge, trending \V. from the so-called “ iron -mines ” site 
in the vicinity of Bdkharla. 

Approximately miles SE. of Bdbadeslnvar Temple, the latentic 
ridge was observed to be overlapped by an outcrop of thick slabs of 
stone dipping at an angle of sometimes as much as 45 Upon closer 
and careful examination, tliese slabs were found to be false-bedded, 
and to be composed of a dark buff-grey finely textured limestone inter- 
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laminated with thin coarser, shell}', fo^isiliferous layers, and manitestly 
belonging to the lower beds of the Degam-stone or Dwdrka Group 
This outcrop of stone was traced southward to the village of Pdnddwadar, 
where, at the talav to the S£., it was found to overlie a tolerably thick 
bed of stone close!}’ crowded with the shells of bivalve molluscs presenting 
a distinctly Pliocene facies. 

Returning S\\*. to Degdm, a few well -shafts were examined at inter- 
vals on the wa\' and it was noted that with but slight variations of no 
importance the whole of the countr}'side was practically covered to 
varying depths with soil and subsoil, diversified by patches ot bare rock 
bt'longing to the Dwjirka Group of beds, typicall}* represented by fabe- 
bedded Degiim-stone or whitish sandy-limestone in tolerably thick 
slabs with alternating laminae of fine and coarser texture These super- 
ficial deposits were generall}’ found to pass inseiisibl}’ below into an 
appreciably thick littoral deposit of recalcified fossil shells, (mainly 
lamellibranchiate), of the nature of a base of conglomerate, conformably 
overlying the limonitic limestone strata of the Group or marine 
Miocene. 

Tents were struck at Degam on tlie morning of Tuesday, the 25th 
January, and the return to Por bandar headquarters so arranged 

as to complete the examination of the whole of the State lying to the 
north of the mam made-road from the City to Rdnawdo. Old ground 
was covered by a rapid drive to Pand^wadiir, and the south^-asterlv 
cart road, v'ery rough and rutt\’ at places, was thereafter followed as far 
Kolikhara. At Kolikhara, J mile NNW'. of the village, a 15 ieet deep 
well -shaft showed that the limestones of the Dwarka Group had dimi- 
nished marked!}’ ; leaving only superficial layers of conglomerate, ov'er- 
lying a deposit of coarse laterite-conglomerate. 

Proceeding SE. by SSE. partly along cart-tracks but mostly over 
patliless ground, the shell}' limestones of the Dwarka Group w'ere found 
to predominate at the surface ; but, upon reaching the old site of Arniala, 
ij miles SSE. by SE. of Kolikhara, an appreciable deposit of much 
honeycombed mill oh te was observed to cover the DwArka limestones, 
which were exposed by the scarp of a stream h mile SE. of old Arniila. 

Crossing over the Railway-line to the ruins of Rajpura, (near by 
which the southward course of the abuvenoted stream, trending SE. 
into the Great Southern Salt \Aastt*, was found to be fairlv full of water 
and appropriated by groups of dhobies), the shelly, compact, but slab- 
like limestones ol the Dwarka Group, frequently false- bedded, and 
apparently dipping at decided angles, once more characterised the 
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outcrops at the surface, and continued to predominate \VS\V. into the 
very heart of the City of Porbandar. 

Specimens added to tlie State Geological Collection Register, are 


as follows 

: — 


Date. 

1 

Regis- 

tered 

No. 

i 

Piovisioiut! Name. j Lne.ilitv .>:ol Remails. 

- ^ 

22-1-1 C , 

348 

Evapor.ited Salt .. . . . LSalt-pan^ 1 ] miller NW. R<^- 

j kliir.i. 

24-l-l() 1 

349 

Eossiliferous. G5j Limestone. . . \ mil<‘ N. Ly NNE M Renauia.i 

24-1-D; i 

350 

Limoni lie- limestone. Pinddra Underlyiiii^ 34 ‘1. 

type. 

' 

24-1-Di 

351 

Dark, Compaet Limestone. !n,l j )iiile SE. of RrUiadodiwar 
tissile honeycombed Sh,bs.' Temph^ tuMr Mm.-fni. 

(Dwai'ka). 

20-l-lC ■ 

1 

352 

(A>m])act. Shelly-1 1 m e s t u u e.'5'JO yanK ESE. of Pandawad.u. 

Dwarka Group ot ReiN. ' Liideilyi«m DepUii-stone of 

I Talav. 

2'>-l-!n i 

353 

Indurated- Rutt Limestone. |L ow Eminence. 1 niilc^ SE. by 

(Dwarka) In large Slabs. | SSE. of Pandawadar. 

25-1 -HI 

; 354 

Limestone-eonglonierate. DwarkaTo]) of L> ft. well-shaft. \ ?nile 
Group Base. NNW. of Kolikhara. 

25-1-1 () i 

355 

(Aar>e Laterite-conglomerate. . . ndtu'lying .>54, 

2.')-l~U) 

350 

Miliolite-base Gon glomerate. . . J mile ESE. of Ainiala. 

25-1-1 C 

357 

i 

[ 

Deep -ruddy. Honeycombed Lime- Scarp and bed of stream Im- 
stone. (Dwarka). j mediately underlying 350 


DIGEST OF DIARY. 

February, 1916. 

A s ALREADY NOTIFIED, a return to headquarters,— after a camping 
tour of over 3J months^ — was effected on the 25th January, 1916 
and the remainder of that month was very fully occupied with 
unpacking, reparcelling and arranging the large collection of samples 
secured for the State Geological Collection. 

During this period of turmoil, an unexpected visit to Porbandar 
brought the representative of The Ingersoll-Rand Company, of 
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Forbes Buildings, Home Street, Bombay, to these Offices, in answer to 
an inquiry addressed to the London Office of the firm, for particulars 
concerning quarrying, mining and road-making machinery. 

From this interview it was ascertained that stone-breaking and 
sorting machines for road-making could best be obtained from Messrs. 
Marshalls, Ltd., of Bombay ; but that in the event of prospecting, 
quarrying and mining installations being required by the State at any 
time, tlie Ixgersoll-Raxd Company, perhaps the largest and best 
organisation of the kind in the world, would be prepared at any time to 
send an expert engineer to ascertain requirements and submit speci- 
fications. 

There can be no doubt, that in order to utilise the valuable stone 
resources of the State (detailed records of which have appeared from time 
to time in these reconnaissance reports) to the best advantage, it would 
be imperative to take a speedy initiative in placing matters on a 
tiioroughly sound commercial basis, and to that end it would be necessary 
to provide plant for prospecting, extracting and manipulating crude 
materials and of conveying them expeditiously at a minimum of expendi- 
ture to centres of consumption and distribution. It need scarcely be 
pointed out that such a course of procedure, could only be satisfactorily 
carried out as a State speculation or by the formation of a sufficiently 
capitalised Joint-stock Com pan v. 

From the Register of Rocks, recorded by instalments in these 
monthly reports, it will be gathered that a very vast and varied series 
of sound merchantable stones is more or less readily available for ex- 
ploitation. These will be duly class! tied and systematically described 
with special reference to their commercial value, separate uses, physical 
properties and composition, upon the termination of the present re- 
connaissance survey ; but, for the present, it may be noted that they 
include : All the most valued varieties of economic stones known to 

exist, suitable for the erection of palaces, public-buildings and dwelling- 
houses. 2'^. Stones of exceptional strength and durability suitable 
for foundations, steps, landings, bridge-piers, dock and harbour con- 
struction and the making of permanent highways, 3^^^ Ornamental 
stones selected from the abovenoted classes, suitable for being carved 
or polished, a tew of which are of such rare occurrence as to justify them 
in being described as unique. 

To place these commodities firmly upon the markets of India, 
a good many of tliem will require prospecting by modem methods, — 
ordinary and core-drilling and so forth ; while the majority would call 
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for pneumatic or electric drilling and extracting machinery, crushing 
and nidging machines, and, in course of time, tlie more costlv plant for 
polishing. 

The cost of conveyance from the sites to the port, which is at present 
an almost insuperable difficulty, (witli the single exc eption of the Rana- 
wiio sites) could best be minimised bv the emplo\ ment of motor traction 
wagons ; while exorbitant freights can only lx* avoided by the charter-ng 
or purcliase of a small fleet of cargo boats, and the installation wlieii 
needful of eitlier permanent or temporary landing places. 

It is clear that unless these or a modification of these arrangement> 
are instituted, either by the establishm.ent of a State Industrial Depart- 
ment, or the formation of a duly authorised and sufficient I \' capitalised 
Company, it would be futile to expt*ct more than a ver\' modest incre- 
ment of Revenue from the stone resources of the State ; and now tliat 
enterprising builders and architects are commencing to “ wake up/' 
in anticipation of a cessation of European hostilities, it is surelv time 
that some decisive move should be made in the matter. 

On the nth instant Mr. Sydney Symons of the Porbandar Cement 
Works kindly furnished results of a first lot ot analyse^ by INIr. R K. J, 


MGullv, as iollows.” : — 

“ Parbanday-Stone or Mitiolitc-limcstonc . — 

Water . . . . . . . . . . * 

Carbonic acid . . . . . , . . . 41* 

Silica . . . . . . . . . . I* 9D 

Oxide of Lon and Alumina , . . . 1*30 

Lime .. .. , .. .. St*/] 

Magnesia . . . . . . . . . i • 

Alkalies . . . . . . . . . . i ' - 3 


♦ ryptLiii “ Bayda-Hills Stone ’ or Cra)iopJiyye . — 


Loss on Ignition . . . . . . . . • 6^ 

Silica * 54 

Oxide Ot Iron and Alumina . . . . . . ()*4^ 

Lime . . . . . . , . . . 2 'or 

Magnesia . . , . . . . . . ’43 

Alkalies .. 5* Sr 


100*00 
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Mother Liquor after extraction of Sodiim Chloride from Sea-Water 
Forbandar Salt-pans. 

Specific Gravity .. .. .. .. i‘300 

Magnesium Chloride, 23*3 per cent, or equivalent to 
48*5 ozs. per Gallon. 

This memorandum of analyses is here entered for future reference 
if required. For the present, however, it may be observed that the 
miliolite is shown to be a practically pure calcareous stone, with only 
sufficient silica to enhance rather than detract from its strength as build- 
ing material ; while the percentage of iron and alumina is so low, as 
to be scarcely sufficient to cause a very slight coloration, to a very 
pale buff, by oxidation and hydration of the former, and to barely 
appreciably harden the texture by the presence of the latter. 

On the other hand the preponderance of silica in the granophyre 
fully confirms the claims made for the material on the score of durability 
and great strength ; but, with reference to the latter property, optical 
determinations to show the precise relative positions of the units of free 
silica or quartz, to those of the silicates of alumina, etc., called felspars, 
are, of course additionally desirable. 

\Mth reference to the third analysis ; namelv, the estimation of 
magnesium chloride in the mother liquor collected from the Por bandar 
salt -pans It may be noted that Dr. Dittmar's generally accepted 
analysis of normal sea -water gives the percentage of magnesium chloride 
at 10' 878 ; so that tlie quantity of that salt present in the sample under 
consideration is unquestionablt' very high. Unfortunately however, 
the insuperable diffi(^ulty of securing sufficient supplies up to standard 
of sample, coupled with expensive Technical processes, and outlay for 
the installation of a costl\’ plant, would render any project for the sepa- 
ration of the salt on a commercial scale extremeh' hazardous. 

A considerable portion of the writer s time was occupied m piecing 
together evidence concerning the geological structure of contiguous 
regions which by stress ol circumstances, in traversing circuitous routes 
had to be held over from time to time ; but happily, b\’ the end of th.e 
second long traverse, sufficient data had been gathered to furnish coherent 
material for the second Quarterly Report. 

On the I bth instant, the long deferred Photomicrograpliic Apparatus, 
made by Messrs. \\ . \\ atsox tk Sons, Ld., of High Holborn, London, 
duly arrived, and having been unpacked and examined, was carefully 
stored away, pending the preparation of rock-sections for tlie microscope, 
upon the final return of the writer from reconnaissance or field work 


9 
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This improved modern appliance will require to be firmly mounted 
^ipon a strong table, and, in conjunction with a properly illuminated 
microscope, will enable the operator to secure the best possible results, 
m making clearly focussed figures, illustrative of the microscopical 
structure of the various petrological specimens collected, with absolute 
hdelity, down to the most minute of details. 

Special additions to the State Geological Collection during the 
current month are as follows : — 


Date 

Regis- 
' tered 
j No. 

Provisional Name 

Locality and Remark- 

19-2-10 

1 

358 

Miliolite-Iimestone, 2nd to 3rd Adati.uia Height^, BIioviMwan 
Grade. 2^ to 3 in. Slabs. Plot. Kasam Aboo’s OiMrrv 

No. 3. 

19-2-10 

359 

Miliolite-Iimestone, 2nd Grade 
1st Quality. Ordinary Building 
blocks. 

Adati.'ina Heights. nahulwari 
Plot. Kasam Aboo's Quarrv. 
No. 22. 

1 

10-2-10 

3C0 

Miliolite-Iimestone, 2nd Grade 
1st Quality. Ordinary Building 
blocks. 

Adatiana Heights. Bhoyraw.iri 
j Plot. Kasam Aboo's Quarry . 
No. 7. 

1 

I 

361 

Miliolite-Iimestone, 1st Grade. 1st 
Quality. Large Buildmg-bloeks. 

Adatiana Heights Jarv.an Plot 
[ Velji Lavji's (Quarry. No. 259. 

10-2-lG 

302 

i 1 

Miliolite-Iimestone. 1st Grade, 
1st to 2nd Quality. Ordinary 
Building-blocks. 

1 , 

'Adatidna Height.?, Bhoyrawan 
Plot. Kasam Aboo's Qiiariv 
No. 4. 

19-2-16 

i 303 

1 

Miliolite-Iimestone, 2nd Grade. 
1st Quality. Flooring slabs, etc 

Adatiana Heights. Bhoyrawari 
Plot. Oomar JamaV& (Quarrv. 
No. 1. 

19-2-16 

364 1 

J 1 

Miliolite-Iimestone. 1st Grade, 
1st Quality. Large Budding- 

blocks. 

Adatidna Heights Kundlawari 
Plot Hajji Esinail's Qhiairv, 
No. 125. 

10-2-16 

305 1 

Miliolite-Iimestone 2nd Grade, 
2nd Quality. Thin, hard slabs, j 

Adatiana Heights, Bhoyriwan 
Plot. Vali Mahommed Aboo's 
Quarry, No 2. 

10-2-16 

300 ! 

j 

i 

Miliolite-Iimestone. 1st Grade, 
1st Quality. Large Building- 
blocks. 

Aditiana Heights, Bliovrawari 
Plot. Velji Lavji's (Quarrv. 

i No. 5 

21-2-16 

307 j 

1 

1 

Mdiolite-Iimestone, 1st Grade, 
2ud Quality. Ordinary Build- 
ing-blocks. 

Adatiana Heights. Jarwari Plot, 
Kasam Aboo’s Quarry. No. 110. 
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JJate. 

Regis- 

tered 

No. 

Provisional Name. 

Locality and Remarks. 

: 

21-2-lC 

308 

Miliolitediniestuiie l>t Grade, 
2iid Qualit}’. Large Building- 
blocks, 

Adatifina Heights. Kasam Aboo’s 
Quarry. No. 44 

21-2^10 

369 

Miliolite-limestone. 2nd Grade, 
1st Qu.ility. Large Building- 
blocks. 

Adatiaiia Heights, Babulwari 
Plot. Oomar Mohammed’s 
Quarry. No. 25. 

21-2-16 

370 

.Miliolite-limestone, 2nd Grade, 
1st Quality. Ordinary Build- 
ing-blocks. 

Adatiana Heights, Shikhar Plot. 
Nanji-Virji’s Quaria, No. 100. 

21-2-16 

371 

Miliolite-Iiniestone. 2nd Grade, 
2nd Quality. Flooring slabs, etc. 

Adatiana Heights. Babulwaii 

Plot. Kasam Aboo s Quarrv. 
No. 21. 

22-2-16 

372 

Miliolite-limcslono. Jst Grade. 
2nd Quality. Large Building- 
blocks. 

Adatiana Heights. Bhoyrawari 
Plot. Kasam Aboo's Quarry, 
No. 4. 

22-2-16 

373 

Miliolite-limestone. 1st Grade 
2nd Quality. Large Building- 
blocks. 

Adatidna Heights. Tankawari 
Plot. Nanji Virji‘s Quarrv, 
No. 83. 

22-2-16 

374 

Miliolite-limestone. 1st Grade, 

1 2nd Quality. Large Buikling- 
1 blocks. 

Adatiana Heights. Bhoyrawaii 
Plot. Nanji V’irji’s Quarrv. 

No. 13. 

22-2-16 

37.7 

1 Miliolite-limestone. 1st Grade, 
2nd Quality. Large Building- 
blocks. 

Ad'Jtidna Heights, Rdiuvan Plot. 

! Noormohainmed Abdurah- 

man's Quarry. No. 37. 

22-2-16 

376 

Miliolite-limestone. 2nd Grade,} 
1st Quality. Flooring slabs, etc.} 

1 

Adatidna Heights. Bhoyrawari 
Plot. Velji Lavji's Quarry, 

No. 5. 

22-2-16 

377 

Miliolite-limestone. l&t Grade, 
1st Quality. Ordinary Building- 
blocks. 

Adatidna Heights. Bhoyrawari 
Plot. Naijji Virji's Quarry. 
No. 9. 

23-2-16 

378 

Miliolite-limestone. 1st Grade, 
1st to 2nd Quality, Large 

Building-blocks. 

Adatidna Heights, Bhoyrawari 
Plot, Nanji Virji’s Quarrv. No. 
12. 

23-2-16 

i 379 

Miliolite-limestone. 1st Grade, 
1st to 2nd Quality. Large 
Building-blocks. 

Adatidna Heights, Bhoyrawari 
' Plot. Nanji Virji's Quarry, 

[ No. 15. 

23-2-16 

380 

Miliolite-limestone. 2nd Grade, 
1st Quality. Large Building- 
blocks. 

Adatiana Heights, Bhoyrawari 
Plot. Oomar Jamal's Quarry 
No. 19. 
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Bate. 

Regis- 

tered 

No. 

ProVi^ioiKiI Name 

Locality and Remarks. 

23-2-16 

1 

381 

Miholite-lmiestone 2ud Grade, Ada tiaoa Heights, Babul wan 
i 2nd Quality Ordinary Build- Plot. Kasam Aboo’& Quarry, 

1 iiig-block>. No. 20, 

23-2-16 

38-2 

1 

1 

Miliolite-hme'-tone 2nd Grade. 
2nd Quality. ( trdinarv Build- 
ing-bluoks. 

Aelatiaiia Heights. Iklbalwan 
Plot, Kasain A boo’s Qiiarrv, 
No. 23. 

24-2-16 

383 

Miliolite-limestout . 2nd Grade.! AdatianaHeitzhts. Babulwari Plot, 
2nd Quality. Ordinary Build-, Ahmed Ali'y Quarry, 24. 

ing-blocks. | 

24-2-16 

384 

MiUolite-bmestone. 2nd ( ^radej Adatiara Heii,ht<;, R/m wan Plot. 
l.>t Quality. Ordinary Buikl-| Noormoha mined Abdurahman’^ 

iiig-Llock-. , (Quarry. No 27 

1 i 

24-2-16 

385 

[Mdiobte-lime^toiie 3rd Grade, 
j 2iid Quality. ( 'oaiM*. thin SI 1 6 s. 

j 

Adatuina Hiugbl-., Ran wan 

Plot. Noormohamuu'el Ab- 

durahman's Quarry. No. 28. 

24-2-1 0 

1 

1 

386 ! 

1 

! 

Miholite-lime^tone. 1st Grade, 
2iid Quality. ( )rdihary Build- 
ing-bk)Lk', 

Adatiana Heights. Bdbuhvan 
Plot. Nanji \’irji> Quarrv, 

No. 32. 

24-2-16 

387 

Mihohte-li inf'-tone, 2iid (O'ade, 
2ndQualit'' BIock-> and Slabs. 

Adatiana Heicilit^' iiibuiw'un 

Plot. Nanjt Virji'-'' Quarr'. - 

No. 32. 

25-2-16 

1 

j 

38S 

f^Iiliohte-liiiiestoiie 2 a el tirade. 
Ut Quail tv Lareze* Buildii't;- 
block-. 

Aelatidna H^‘ight.'>, Ranvrari 

Plot. Noormoharamed Ab- 

dur<ibniau'.'> Quany No 37 

25-2-16 

00 

Miliolite-bme'tof.e. 3iel (iradeJ 
Tluii c!j''eiv laminated Slabs 

! 

'Aelatiana Heights. Nevrawan 
Plot Onmai MohammeePs 

1 Quarry. No 38. 

25-2-16 

390 

iMdiobte-lime-'toi'.e. 2ud Grade, 'Adatiana Heights. pjprawan 

2nd Quality. (.lood. larize’i Plot. V’elji LavjiV Quarry. 

1 Shb>.. } No. 61. 

25-2-16 

391 

Miliohto-iimr-tone. 1st Grade,' Adatiana Height^. Piprawari 

2nd Quality. Large Building-! Plot. Velji Lavji’s QuaiT\ , 

j blocks. j No. 62. 

28-2-16 

i 

392 

: 

Milioiite Lu.mstone. 3rd Grade. 'Adatiai.r, Heights. Tankuwaii 
Hard, thir . Flnonng-shbs. i Plot. Noorniohammed Ab- 

dunihma’i's Quarry. No. 76. 
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DIGEST OF DIARY. 

March, 1916. 

A RRANc;E^rEXTS Iiaving been made for the printir>g of a summary 
of these reports witli the Damodardas Printing House of Rajkot 
gallev-proofs of a first instalment of the First Quarterly Report 
on the Economic Geologv of Porbandar State'' were received, revised 
and returned to the printer on the first day of this month. These were 
subsequently revised for the third time, passed for press, and finally 
completed in the form of eight consecutive pages of letterpress by the 
aoth instant; when also a lurtlier instalment of eight pages of matter 
came to hand for a first revision. 

The first day oi thP raontli was also signalised by the visit to Por- 
bandar of the Agent to the Governor of Bo:»i3ay for Kfithidwdr, upon 
whom the writer called to pay his respects ; while upon the following 
day the Administrator with the Agent to the Governor paid a visit of 
inspection to the headquarters of the Geological Survev. 

The work ot dealing effectively with the large series of blocks and 
boulders of miliolite-lime^tone and oi granophyres and other economic 
stones secured for the State Geological Collection, demanded and received 
the largest moiety of attention from the beginning up to tlie middle of 
the current month ; and, in addition to the proper trimming and shaping 
of museum specimens, a goodly series of new samples were duly registered 
as follows : — 


Regic- 
Oate. tered 

No. 

Provij;:o;Ml Name. 

Locality and Remarks. 

l_:P -]0 , 393 

Miliolite-Iimestoiie. I vt ( a’ade. 
2ud Quality, Laree Einldiiig- 
blocks. 

Adatidna Heights, Kimdlawari 
Plot. Hajji Esmail's Qiiarrv, 
No. 128. 

! 394 

Miliolite limestone. 2 iid Grade, 
2nd Quality. Flooring Slab>. 

Adatiana Heights, Tankawari 
Plot. Ndiiji Virji's Quarry, 

j No. 79. 

, 395 

i 

Miliolite-Iimestone. 2 nd Giade, 1 
2 nd Quality. LarL'e Ruilding- 
block« . j 

Adatiana Heights, Tankawari 
Plot. Nanji Virji's Quarry. 

, No. 81. 

3-3-10 390> 

MilioHte-liinestone. 2nd Grade.' 
1 st Quality. Large Building- i 

Adatiana Heights. Tankawari 
i Plot. Nanji Virji’s Quarry, 

i 

block*!. 

! Xo. 82. 

1 
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! Regis- 

Bafce. , tcred 

Provisional Namt . 

Locality and Remarks. 

No. 

! 




3-3-10 I 397 


Miliolite-hmostoiie. 2nd Grade, Adatiana Heights, Tankawan 
1st Quality. Large Building-' Plot. Nanji Virji's Qimirv 
Moeks. No. 84. 



398 


3-3-1 G j 399 


jMiliolite-limestone. 2nd Grade. Adatidna Heights, Shikhar Plot 
I 2nd Quality Large Building- Nanji Virji’s Quarry, No 100. 

I block.s. 

iMiliolite-iimestone. 2nd Grade, Adotihna Heights, Bhimkot Plot, 
j 2nd Quality Large Building- Noormohammed Abdurah- 
blocks. man's Quarry. No. 102. 


3-3-10 


400 


Miliolite-limestone, 3rd Grade, Adatihna Heights, 8hikhar Plot 
1st Quality. Large Building- Nanji Virji’s Quarry. No. 109 
block-. 


The completion of the Second Quarterly Report on the 7th instant, 
followed by the colouring of the Geological Chart so as to indicate the 
boundaries of the various formations and noteworthy sites for economic 
products, over the entire region north of Porbandar City, occupied a 
considerable portion of the writer’s time up to the 12th instant. 

Active preparations were made during the ensuing days, for a 
prolonged traverse, to cover all unsurveyed ground south of the City 
of Porbandar. To that end, tents were sent in advance on the 14th 
instant to the town of Chdya, and everything having been satisfactorily 
packed, the writer and staff proceeded to the camp, early in the morning 
of the iSth instant. 


Camp-Station XV.— Chaya. 

About 500 yards E, of the Town. 

/^^N THE way to Chaya, it was noted that the main outcropping stone 
consisted of exceedingly rough and rubbly consolidated shell-sand- 
belonging to the Dwdrka Group of presumably Pliocene beds, 
diversified by flagstones, belonging to the same formation, immediately 
iinderlving the rubbly rock ; while both were occasionally obscured by 
thin deposits of coarse miliolite-limestone. At Chaya itself the flagstones, 
frequently false-bedded, predominated at the surface ; and the numerous 
well-shafts in the neighbourhood of the town, showed from 15 to 20 
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feet in thickness of these tough and strong arenaceous shelly-limestones, 
often in solid slabs of over 12 inches in thickness ; but unfortunately 
far from uniform in texture ; coralliferous at parts, shelly and coarsely 
conglomeratic, and finely textured at others. These drawbacks either 
singly or in conjunction, it need scarcely be pointed out, unfit an other- 
wnse very valuable building stone for commercial purposes. 

On the morning of the 19th instant, a special survey was taken 
of the locally famous quarries from which enormous quantities of mate- 
rial knowm as “Chaya Stone’' are annually extracted for ordinary building 
purposes. A drive w'as taken for about half-a-mile in a southerly 
direction from the camp, over a stretch of salt-marsh alluvium, which is 
dee pi V swamped during the monsoons, to the base of the summit, of 
a 66 feet high, (above datum), hill ; which forms the highest part of a long 
sub-coastal ridge, literallv riddled with deep pits, like huge bottle-shaped 
oubliettes, descending, sometimes 60 feet, into the bow^els of the earth.” 

It was found upon detailed examination, that the whole of this 
high ridge, from base to summit, consists of one kind of stone only, a 
som.cwhat peculiar kind of limestone, which rests upon a foundation 
of hard, flaggy consolidated shell -sand continuoub with the beds upon 
which the towm of Chaya stands ; and, as a few of the pits have been 
excavated to the depth of nearly 60 feet, it may be presumed that the 
bottom stone represents the base of the deposit. 

The quarry W'or kings are reached by means of dangerous-looking 
flights of country-made rough w'ooden ladders ; and up these frail foot- 
holds, come women and even small girls and boys, each bearing loads 
of one or two building blocks, from | to I. cwi., upon their heads. It 
W’as ascertained that the stone varies from place to place, both vertically 
and horizontally, all of wiiich how’ever are more or less perforated by- 
small cylindrical channels filled with brownish earthy matter, which 
occasionally becomes indurated. In texture, the stone is uniformly 
much more finely grained than the more valuable miliolites of the 
Adatiana Heights ; but even its best and most coTr;pact varieties do not 
admit of being carved, for reasons w’hich w’ill doubtless become apparent 
w’heii examined under the microscope. 

The stone tow’ards the base of the deposit is generally more coarselv 
channelled with perforations and less coherent than that from the centred 
portions of the deposit. It is also less compact and more porous ; and, 
instead of being white, acquires a brownish-grey colour. About 25 out 
of nearly 100 quarries were in active operation on the 19th March, 1916 : 
and it was elicited, that the stone has been regularly quarried at these 
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sites for about half-a-century, and exclusively consumed lor the erection 
of minor dwelling-houses in the State. Ordinary building blocks, i:: 
by 12 by 6 inches in dimensions of the best average qualities, arc sold 
at the pit-mouths at Rs. 5-8 annas per 100 blocks; but prices are stated 
to vary and are not regulated by the quality of the stone, but simply 
to recompense the quarry-labourer. 

It may be noted in passing, that the usual routine of camp-worlt 
consists in trimming, packing, provisionally naming and registering 
samples collected on the day following their collection ; and ol marking 
all important geological boundaries and peculiar outcrops upon the 
chart. \\’hen the collection happens to be either a large or difficult one 
to deal with,^ — in preparing suitable chips from each sample for future 
laboratory research, — a second day is needed to accomplish the work 
in camp. 

On the 20th instant, the writer was reminded, that carts and men 
could not be procured for field-work, as it was the closing day of the 
Hindu Holi Holiday while on the day following, — a kind oi Hindu 
Saint -Monday '' it was additionally declared to be a “ Parsi Holiday 'd 
The writer s work, however, was continued without interruption, as 
reports had unavoidably, through excess of materials collected, fallen 
slightly in arrear. 

All samples having been satisfactorily dealt with, and a second 
instalment of printer’s proofs of the First Quarterly Report having been 
revised and returned, a couple of bullock-carts were hired to accompany 
the writer and assistant in traversing the coastal and sub -coastal regions 
within reasonable reach of the camp at Chaya, on the 22nd instant. 

The swamp, now dry, which forms a diverticulum on the west side 
of the town, up to the rear of the Geological Survey Headquarters on 
the SE. side of the City of Porbandar, was examined, and found to be 
spread over by a deposit of from i to 3 feet of grey, saliniferous alluvial 
mud ; which, on the less salty upper margins of the swamp, about 200 
yards SSW. of Chaya 's ' Rabari Nes * or shepherd’s ciuarters, is 
excavated to a depth of only one foot, to yield a coarse clay strong and 
plastic enough to be fashioned and kilned into native roofing-tiles. 

Farther south-eastward, or, more precisely J mile SE. of Chuya 
a large area of ground has been excavated and dammed off from the 
salt-water swamp in such a way as to form a reservoir for the freshwater 
higher-level drainage. This place is known as the “ Balvi Talav '' or 
‘‘ Bawei-ka-Mat and the alluvium combined with the decayed and 
disintegrated shelly-limestone upon which it is deposited forms an 
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appreciably deep laver of marly clay at the SW.end of the talav, y^'hich 
is much esteemed by local potters lor making chatties and other 
earthenware. 

It appears to be a pity that these native potters or kumbhcirs, the 
majority ot whom are skilful ‘ throwers do not combine to establish 
a well-regulated and comprehensiv^e pottery. Each village supports 
at least one oi tliese expert craftmien ; and, if they could only be got 
together and properly organised, provided with improved tools or even 
machinery, and instructed in the rudiments of preparing stand;ird clays, 
glazes and of ‘ hiing,' the wares scientifically which they already know 
so well how to fashion b\' hand labour, it may be anticipated that the 
day would not be iar distant when India would beconre independent 
of the enormous supplies of liouseliold china and earthenware, annually 
imported into her warehouses and bazaars. 

Crossing over the salt -swamp to the base oi the quarry -site ridge, 
I mile S. of Chaya, the low scarp of stone there found bordering the swamp, 
was found to consist of a false-bedded deposit ot coralhferous and shell- 
sand limestone unquestionably belonging to the Dwarka Group upon 
whicli Chava is built. Ascending the hill-slope, these nether beds are 
lound to be overlaid bv the Chaya -stone, the uppermost exposed parts 
of which^ at the highest summit of the ridge, are much hardened by 
sun baking, and so rubblv, as to be commercially worthless. 

Following the steeply inclined track over the quarry-ridge in a 
southerlv direction towards the sea-shore, a second but much lower 
ridge is found intervening, and also parallel with the coast-line. The 
summit of the highest part of this ridge was formerly pierced and quarried 
for stone, of which a toleiably large quantity was at one time extracted 
in the form of building-blocks, a goodly number of which still lie scattered 
around the pit-mouth. This abandoned quarry, situated about 
miles S. of Chaya is locallv known as Mithi Khan, and the stone is mani- 
festly of the nature of a soft and porous sub-aerially consolidated sand ; 
--the relic of a former dune, upraised along with its underlying stratum 
of beach to its present position 2 1 furlongs from the margin of the sea. 

At the base of the Mithi Kh^n elevation, about 200 yards SW. 
of the excavation, the underlying strata outcrop m form of large blocks 
ot flagstone, composed of both finely and coarsely comminuted shells, 
corals and other organic remains firmly compacted with an abundance 
of siliceous sand, and corresponding in all essential details with the 
Dwarka Group limestones of Chiiya. This material is locally and mis- 
leadingly called a black-stone or kdld-pdnd ; and from its convenient 
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situation, was partially utilised for buildini^ the walls surrounding the 
Porbandar Rdj-:\Iah<il or Palace of the ^Iaharaxa Saheb. Although 
very tough and strong, available in blocks of large size and locally most 
acceptable for the purpose to which it has been applied, the stone is so 
variable, almost from yard to yard horizontally and from inch to inch 
verticallv that it cannot ver\' well be included in the category of tlie 
commercial stones of the State. 

A curious phenomenon, worthy of notice in this place is, th.at Oe- 
tween the Mithi Khun ancient sand-dune, and the present-day dune or 
blowTi-sand skirting and sloping down to the sea -level, tliere is a tolerably 
wide channel, which, during the monsoon is said to be flooded into a 
deep temporary river. Into this channel tlie lim\' detritus from thi^ 
adjoining calcareous ridge is periodically swept to settle down, become 
dry and flnallv sunbaked, so as to produce a natural diunam, called 
dord-muity by the natives, and desultorily dug out when wanted, ior 
whitewashing their dwellings. 

The sand-dunes bordering the sca-shore from the Ruj M.ihul, pa^t 
( hiiya and right up to Adodar, form a continuous, practically imbroktm, 
low, flat ridge mostly held together by bunches of sedges and grasses, 
and the sand generally forms a gently sloping beach down to low -water 
mark, where it terminates in an outcrop of big breakers of the shelly 
and arenaceous limestone that dominates this portion of the coastal 
countrvside. 


Specimens gathercvl during the sojourn at Clulya and added to the 
State Geological Collection are : — 


Dato. 

Regis- 

tered 

Xo 

Pn>visiontil Xanie 1 Lor allty end Re mar k- 

j 

19-3-10 

101 

Chaya-hniO'stoiie. Indurated and mile S Iw S»S\V ofChiiya. Top 
Cancellated. Summit surface. of Munza Laxmaii's Pit. 

10-3-10 

402 

1 

Chd^a-hmestone. G r e y i h .;Sa nu* site a^ 4(il. At depth of 

Finely Textured hut nrit veryi 20 feet, lu Va^rdm Somjrs Pit 
(‘omjiact. With hia-'.chcd Per- 
foratioi'.'-. 

1 9-3-1 C 

: 103 

C h a y a-limcstonc. C r e y i » h Sanv- site as 401 At depth of 
False- bedded. Less coherent ou ft. in BjIwa Virger Jasmat- 

than 402. Much perforated, tzer's Pit. 

19-3-10 

404 

Chaya-Umestonc. White, Compact. Same site as 4(0. Near top of 
Best-quality Stone, Ditd Megha\ Pit. 
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iRogi->.' I 

Date. ! tered i Provisional Name I Localitv and Remarks 

! j I 

22-3~l{> i 405 j Con'=;olidated Shelly aed Sandy Surface of 22 feet \voll-a,haft. 
! i Limestone (Dwarka) 500 yard ^ESE of Chiya. 

22-3-10 I 4U(> ‘ Pott^r's-Clay, Mii'^iual Alluvium 200 yards SS\V. of Rabari Nes, 

I of Salt -swamp ESE. of C'haya. 

22-3-10 I 407 Potter‘s-C3'‘ V. Mirh Alluvium SW. end of Tkawa-kh-Mat -J mile 
j ■ of Balvi Talav. SE. of Cha\a 

22-3-1 G ; 40s i Shelly and Loralhferoiis 0\^/uka-'2 mile S. otChdya. Baseofouai' 

' ! beds Limestone. ! ried Hill- n dire. 

II I ^ 

22-3-lG 400 ^ Sub-recent Consolidated Shell- 1 milc', S. of Chdya. Old Pit 

&an<.l. Reused Dune called 5Lthi Khan. 

22-3-1 G 410 C^onsohdatefl ShcU-saeul Raised 200 yards SW. of 4i>9. Used for 
Beach. walls round Raj Mahal 

22-.3-1G ' 411 Xatural CliiiuaTn .. .. .. .70 yards S\V of 410 

On the 24th instant, tlie specimens collected were careiully packed, 
tied lip securely in gunny-bags and sent by cart to headquarters in 
Porbandar together with a parcel of prepared chips and slices of stone 
to the niechanic for preliminar\' manipulation on the lapidary-bench. 
Arrangements were also completed on tiie day following for the trans- 
ference of the camp to the sea -side village of Adodar, (pronounced Aorda), 
and tents were struck at Chaya at dawn of day on the 26th instant. 

With a view to covering as much un traversed ground as possible, 
a roundabout route was taken in journeying from Cli^ya to Adodar as 
follows : — The EXE. cart-track was followed in the direction of Rangha- 
vvao and necessarily entailed the crossing of that branch of the v^ast 
Salt Marsh, which leads towards and encircles the eastern side of 
Porbandar City as The Creek. On reaching the east side of this alluvial 
tongue, about one mile NPk by ENE. of Chdya, a portion of the depres- 
sion was found to hav^e been dammed off and deepened to form a talav 
or freshwater reservoir, where the obscured Dvvdrka, flaggv limestone 
was found covered by from i to 2 feet of much cancellated and shaly 
miliolite limestone, altered almost beyond recognition into a dense, 
grev substance by alternate sun baking and monsoon conditions; — the 
slialv aspect of the stone, being apparently due to the weathering and 
subsequent hardening of the laminae of the structure. It will be interest- 
ing to observ^e the precise nature of the changes that have taken place 
in specimens secured for future microscopic examination. 
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Proceeding along the cart-track eastward, to the village of Rdng- 
hawao, the surface of the ground was found to be deeply composed ot 
more or less false-bedded flagstones, rendering the roadways exceedingly 
roueh and rutty ; and samples of this stone dipping at various angles 
superficially by reason of their oblique lamination, immediately pro- 
claimed the material to be a shelly and coralliferous, arenaceous lime 
stone, clearly continuous with the surface Dwarka Group beds ot (diava. 

P'rom Ranghdw^o the roadway nearly due south to Adodar was 
hjllowed, for about a mile, well into the north-westward braneh of the 
Great Salt-^Iarsh. A sample of the tolerably deep (lepo>it^ at tlr's 
part sliowcd it to be composed of a fine, grey alluvium plentiiullv 
mixed with sand and the comminuted shells of both estuarine and littoral 
m.arme MoUmca \—Caydiiin:, Tellina, Ostrea, etc. The course wa-' then 
altered eastward, and followed along a l>?aten track at the edg^ ol tin 
salt marsh for about a couple of miles to a ^pot marked on tlu* G T. S. 
I inch to I mih‘ map. as Khokhri Parab. Mere t^.«Te were iouml tw. » 
empiv '^tone ‘^heds with a smafi well-shaft bv the siilr of one ot tliem, 
ere(. ted at the expense ot a Bombay merchant, in memorv of his daughter, 
to afford refreshment for tlnrstv travellers. Ir.e well, which is about 
lo feet deep, shows the ground to be composed of thin, shelly flac'^tones 
of the Mwarka Group. 

At Khokhri Parab, a strip of stony ground about li mik's by about 
\ mile at its broadest part, nmiains uncovered by alluvium ; ami by 
(Tossing over tins patch in a SSW. direction, a temporarv pathway was 
found leading to the SWh end ot an eminence, 5() feet above the level 
the sea, called Chirora-ka-Tobra, which, when the marsh B flo(xled 
forms a small, narrow islet. The dark grey alluvium of the salt marsh, 
barely covering the substratum of Dwarka flagstones, surrounds thi> 
eminence, which, from base to summit is built up, so to speak, of false- 
bedded arenaceous limestone, very closely laminated, and in such an 
advanced stage of decay at all exposed parts, that it was difficult to 
secure even a small sample sufficiently unweathered to hold together 
intact, when detached from the main mass. 

Scrubby, ill-nourished, stunted grass was found struggling for an 
existence on the alluvium, between Chirora-ka-Tobra and tlie perma- 
nently dry rock-land 3! furlongs to the S\^^, and a further drive of jT 
miles in the same direction brought the journey to an end at Adodar. 
It may be noted that the entire strip of countryside intervening between 
Adodar and the western margins of the Great Salt Marsh is constituted 
by a considerable thickness, frequently shown by shafts of wells to 
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exceed twenty feet, of fossiliferous flagstones and conglomeratic, riibblv 
rock^, belonging presumably to the lower beds of the Dwarka Group of 
Tertiary strata. 

Specimens collected during the abovenoted journey, and added to 
the Registered List, are as follows ; — 



Rosis- 



Date. 

tcred 

Piovibioiial Xame 

Locality and Ri. mark'^ 


Xo 




112 

A ) t c red Mdiobte-Iimostone. 

1 to 2 feet^thick Talav bank. 1 



Indurated aiid Ps dosha ly 

mile XE. by EXE. of Chtya 

2(>-3-16 

tl3 

^Shelly and Coralhferous Flagstone 

too yards WXW. of Ran. gu/. who 



False-hedded 

Stone on which the village 
stancL 

2ti-3-D) 

tu 

' Sandy and Shelly Alhivniin ot 

-] mile SSE. of Hanwha who 



Dry Red of Salt Maish 


2C~3-l0 

i Uo 

Areiuieeous Limestone. Much de- 

SW ba-,e of C'hirora-ka-Tobra 


i 

cayed. Fa 1 se - bed d e d a n d F 1 n e ly 

oU feet above sca-Dvel 1| miles 


i 

Laniiinted 

XE. of Adodar. 


Camp-Station XVI.-^Adodar- 

NE. End of the Toivn. 

Trents were pitched in a small hedged held bordering' the XE. 

end of the town on the 26th instant ; but it wa^ late in the 
evening before everything could be got into good working 
order. While the tents were being got read}', however, the opportunity 
was taken to examine the surroundings of the town and its adjacent 
seaasliore, accompanied by the Patel and a bullock-cart. 

A cutting of the ground adjoining the camp, showed that the town 
of Adodar is built upon a 3 to 6 feet substratum of rubbly, russet -colon red. 
concretionary limestone of dense texture, which immediatelv overlies 
beds of Dwdrka flagstones ; while the true nature of the latter as richly 
fossiliferous shelly and coral-bearing limestone^, thickly flaggy above, 
then distinctly shaly, and more or less conglomeratic below, is demons- 
trated bv well-shaft exposures about 200 yards to the XE. of the town. 

Asked if there were any quarries in the neighbourhood, tlie Patel 
led the way to an eminence -J mile WXW. of the town and about 500 
yards distant from the sea-shore, where a deposit of inferior grey-brown 
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limestone of but little commercial value liad been largely quarried to a 
maximum depth of 20 feet, up to about eight years ago. This stone 
closely resembles the inferior qualities of Chjiya “limestone, and like that 
formation, rests upon a substratum of Dwarka fossihferous flagstones, 
and is evident!}' a consolidated blown -sand. 

From the quarry site, which is not a very extensive one, a round- 
about detour was made to the sea -shore mile WSW. of Adodar, so as 
to be in time to examine the breakers exposed at low -tide mark. Samples 
of these were taken and found to consist of verv thick beds of consoli- 
dated shelly and sandy limestone, in all respects identical with the stone 
forming similarly situated breakers all the way along the shore to Por- 
bandar City and beyond 

As there was ample time for further investigation, it was proposed 
to ascend the hilly slopes inland to the top of a high -ridge called Shlak 
Tobra, the summit of which, 96 feet above the sea-level, stands at a 
distance of |- mile N\\\ by \VN\V. of Adodar. The Patel of the to^vn 
i'rst of ail said that there was no cart track that way, and then protested 
that as there was no utilisable stone of any kind in the direction indicated, 
it would be only waste of time and tiring into the bargain to go there. 
He was however, given to understand that the eround had to be exa- 
mined and reported upon at all hazards ; and it was not until then, that 
he suddenly remem beied that there was an excellent cart-road skirting 
the ba-^e of the ridge, and an easy pass between the ridge -hillocks leading 
directly back to Adodar. The cart to carry samples was accordingly 
sent along the roadway with instructions to halt on the E. side of Saldk 
Tobra, while the surveying party climbed up the W. slope of that hillock 
to its summit, 96 feet above datum. It was discovered that the base 
of the hillock on its seaward side, was subjected to the periodic flooding 
during the monsoon of a channel running practically parallel with the 
shore, but inland with reference to the long, low ridge of sand dunes 
bordering the beach. The swirling of the turbulent waters of this 
temporary river at its E. margin, has-been effectual in baring the thick 
flagstones there situated, and of roiling fragments thereof into ovoid 
and discoid pebbles of about 6 inches in length, composed of both fine 
and coarsely textured shelly and sandy limestones of the Dwdrka Groups 
in continuity with the beds registered as No. 410, from which the so- 
called “ black-stone '' was extracted for building the walls surrounding 
the R^j Mdhal. 

On ascending the western slope of S^lak Tobra, the Dwarka Group 
flagstones abovenoted were found to constitute the entire body of the 
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hillock and adjoining ridge right up to the very summit ; and the deposits 
were observed to be markedly false-bedded. . But, upon descending 
the eastern slope, it was, to say the least, surprising to find a goodly 
deposit of compact, white, and very finely-textured limestone, bearing 
signs of having been sparingly quarried many years ago and of also 
having been quite recently drawn upon on a very limited scale. The 
Patel, upon being interrogated, protested that he was entirely ignorant 
of even the existence of such stone in his immediate neighbourhood ! 
The stone, of which there appears to be but a moderate development 
on the eastward slopes of the ridge, at first sight appears to be equal, 
if not superior, to the best grade and quality of Ada t kina Heights “ Por- 
bandar-Stone but, upon being tested, was found to bo very much in- 
ferior in points of strength and cohesion of its units or clastic particles ; — • 
rendering it useless for ornamental or carved work. Nevertheless, it is 
superior to the somewhat similarly constituted Chfiya-limestone and 
therefore worth, while being prospected, especially by reason of the sites 
being easily accessible and within reach of a level roadway barely over 
five miles distant from the centre of the City of Porbandar, 

On the morning of the 28th instant a traverse along the sea-coast 
from Adodar via Tunkra to Gosa, and back to the camp by way of inland 
routes was projected and accomplished as follows : — The SE. by SSE. 
sea -board roadway gradual 1 3^ receding from the long, low ridge of pro- 
tecting sand-dunes, was taken in the direction of Tunkra, and occasional 
halts were called for the purpose of examining the sea -coast on the west 
and the gradually diminishing ridge of hillocks on the east side of the 
roadway, without any noteworthy results other than those that have 
alreadv been recorded with reference to the general geological structure 
of the coastal regions to the immediate \V. and N\V. of Adodar. 

In this way the countryside was traversed for fully three miles, 
wlien a small excavation by the roadside in front of an isolated cot- 
tage and I mile distant from the sea -shore, revealed the presence of a few 
feet in thickness of sub-recent consolidated shell -sand ; — evidenth- the 
basal portion of a raised sand dune, overlying the shelly and sandy flag- 
stones of the Dwdrka Group of beds. 

Half-a-mile farther SE., or about miles N\V. of Tunkra, a bar 
ot sand occludes the mouth of a very wide creek, which, at this time 
of the year constitutes a kind ot natural salt-pan, and the narrowed 
NW. termination of this pool of dammed-in brine, is spanned by a strong 
causeway, on the E. side of which several labourers were gathering 
evaporated salt. 
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The stony exposed surface at the SSE. end of the causeway, was 
found to be constituted by Dwdrka Group flagstones, the laminae of 
which were weathered and worn down in such a way as to present a 
shaly aspect ; and upon the surface of these slabs, in patches every here 
and there, there were found large numbers of recent shells, — Car- 
diiinu Conns, Venus, Tiirntella, Ostrea, j/c., — so firmly cemented to the 
substratum as to appear to be part and parcel of the same. 

On approaching Tunkra, a well -shaft, about 500 yards XXW’. of 
the village, exhibited about 4 feet of a rubbly, much cancellated, sandy 
limestone overlying about S feet of apparently compact, solid shelly 
and sandy Dw^rka Group stone ; while another weil-sliait at the XW. 
end of the village, showed an unbroken depth of 12 feet of the last named 
stone without any tendency to become flaggx' or false -bedded. 

Tunkra village stands on a foundation of the aforenoted shelly 
and sandy Dwarka (moup limestone, which instead of being flaggy as 
heretofore recorded, is here locally developed into solid imperceptibly 
laminated beds of considerable thickness, capable of being extracted 
and cut into building-blocks of large dimensions ; and it is but reasonable 
to expect that the stone if available in sufficient quantities, would not 
only be far stronger than tlie miliolite, but able to withstand seaside 
and salt -spray weathering more effectually than the latter. 

Passing to the seaward side of Tunkra, about 100 yards WSW. 
of the village, there is an elongated pit-quarry which shows a very fine 
development of the Dwarka consolidated shell -sand, overlaid on its 
westward side by about three feet of a coarse, soft and much canccdlated 
shell -Sand which rapidly diminishes to nil before reaching the village 
boundaries The partially decayed solid fctone, which comes to the 
surface close by and beneatli tlie village, it is stated, yields a very strong 
lime when kilned ; but the stone when quarried from the base of the 
rubbly rock, has been sparingly extracted m blocks of large size and 
used for the building of dwelling houses, although nothing has hitheito 
been done towards making the material known. 

Between Tunkra and the sea, a wide slope of partial!}' cultivated 
ground, from 300 to 400 yards broad, extends to the edge ot the long, 
low ridge of sand dunes, wliich in their turn incline to pass insensibly 
into a beach, 200 yards wide, of fine sand, before the breakers at low- 
water mark appears. The latter, consist of thick beds, more or less 
flaggy of a coarse variety of the same stone upon which Tunkra stands. 
This stone at parts is riddled with the borings of Lithodoinus and Pholas. 

The coast line and its immediate inland areas from Tunkra to Gosa, 
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a distance of about 2 J miles in a SE. by SSE. direction is essentially 
similar in all details to that which has just been described. At Gosa 
itself, however, which lies a little over J mile inland, a tolerably deep 
deposit of greyish -brown, inferior consolidated blown -sand presented 
itself, and has been quarried to a depth of from 6 to 8 feet, for Stat^' 
use, on the S. side of the village. 

From Gosa with its crust of coarse sandy-limestone overlying nibbly 
fossiliferous limestone of the Dwarka Group, the NE. inland roadway 
was followed right up to the alluvial plain -bottom of the Great Salt 
Marsh. Bearings were taken at a place 2 miles NNE. of Tunkra to 
indicate a wide area of alluvium holding myriads of the dead shells of 
a small Cerithium ; while at another place, 2 miles NE. of Tunkra, the 
alluvium was literally white, for several hundreds of yards in every 
direction, with the large shells of littoral -marine molluscs ; — principally 
Cardiitni and Cguh^ in a semi -fossilised condition, many of these shells 
were found so firmly imbedded in rubbly lumps of Dwarka Group lime- 
stone, as to convey the impression of being part and parcel of the h.dter; 
and, bearing m mind the famous Huttonian doctrine that ‘ the present 
is the key to the past/ a good lesson might l>e learned fiom this occurrence; 
inz., that conclusions as to the horizons of many of the older stratified 
sedimentary rocks ought not to be too liastily formed and recorded. 

On the goth instant tents were struck at Adodar at 7-15 a.m. and 
the camp was transferred to the inland village of Mokal, right across 
an S-mile stretch of principally salt-marsh alluvium in an EXE. direction. 
Nothing noteworthy could be recorded on this monotonous journey 
save the heavy and tiresome drag through deep and yielding, soft grey 
(day, just barely redeemed from becoming a clogg}^ mud. 

At a distance of about 2 miles W. by WSW. of IMokal, the aspect 
of the grounrl acquired a pcTceptible change ; partly due to a slight 
elevation, and partly from the circumstance that the earth was no longer 
laden with salt. This was testified to by the presence in the alluvium 
^till of a deep-grey colour, of numerous freshwater and land shells : — 
principally Flunorhis, Buliinus, Cyclas, Paliidina, and a few small Heli- 
ces , — here named in the order of their abundance. 

As the carts with the tents and equipments were not expected to 
ari'ive at Mokal for an hour or two later, the journey was continued to 
Bapodar and back ; but it was everywhere noticed that the soil of the 
country-side, — very deeply developed, — consists mainly of admixtures 
of saliniferous alluvitmi and highly calcareous detrital washings from the 
northern uplands, bearing a burden of more 01 less miliolite drift. Most 
10 
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of the well-shafts showed the water-level at but a few, (lo to 15) feet 
from the surface ; but the water, with rare exception-^, turned out to be 
brackish, and, in some cases quite putrid ; — presumably through 
underground stagnation. 

From the unusual depth and incoherent nature of the soil, all the 
local well-shafts from Mokal to Bapodar are necessarily lined with stone 
but, fortunately, on the return journey from Bapodar by a different 
route, a newly dug well-shaft was encountered, f mile W. by WS\\\ from 
that village, which furnished an unerring clue to the geological structure 
of the countryside. The well -shaft in question showed the underground 
water-level at a depth of 18 feet from the surface ; but the bottom of 
the shaft was found to be 4 feet deeper. The first 18 feet w'as sunk 
through a very highly calcareous soil, followed by a foot or so of concre- 
tionary lime invading the thoroughly decomposed surface of a bed of 
amygdaloidal lava, altered almost beyond recognition, but passing down- 
ward into fully three feet of somewhat less decayed but unmistakable 
bedded-lava with veins ot zeolite, and well preserved amygdales. 

It is thus clear, that the Tertiary strata of the coastal regions thin 
down to vanishing point at or in the vicinity of Mokal, and that detrital 
soil, chiefly derived from the Pleistocene miliolite deposits thereafter 
rests directly upon the bedded-lavas ol the Deccan -Trap. 

Additions to the State Geological Collection up to the end of March, 
1916, are : — 


Provisional Name. ’ Locality and Remarks. 


Russet, Concretionary! NE. end of Adodar. Stone on 
‘tone j which the Town stands. 

uid Coralliferous Conglo- Underlying 4 i h. Top of well-shaft 
e. i 200 yards XE, of Adodar. 

aniy Flagstone. . . . . , Interbedded with 417. 

I 

and Limestone. Grey-| Large disused Quarry, mile 
L, soft. Building-blocks. 1 WNW. of Adodai. 

ated »ShelI-sand. I>w’arka^ Breakers at Low-tide Mark. | mile 
). Large Flagstones. | WSVV. of Adodar. 

pebble of Consolidated^ Inland, 300 yds. from Shore, 
■and Limestoiie. j J mile W by WNW. of Adodar. 


1 

Date. 

Regis- 

tered 

No. 

27-3-16 

41 () 

27-3-16 


27-3-10 

418 

-7-3-16 J 

419 

i 

27-3-16 

420 

2 7-3-1 G 

1 

421 


Lime': 

belly c 
merat 

haly, I 

!]own -Si 
brown 

on sol id 
; Groiij 

)i^ooid- 
8heli-i 
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Regis- 1 

1 

1 


Date. 

tered 1 

Provisional Name, j 

Locality and Remarks. 


No. ! 

1 

i 

f 

\ 

27-3-] H 

422 

f 

Consolidated Sbell-sancl Lime-! 

Summit. 96 feet above Sea-level 



stone. False-bedded, 

1 

Salak Tobra. NW. by WNW. 
of Adodar. 

27-3-16 

423 i 

Limestone, Finely textured. | 

Disused Quarrv-site. East slope 


! 

white, but not Carvable Big 

of Sillak Tobra. 1 mile NW. o! 



Blocks. 

Adodar. 

28-3-16 

424 

Sub-recent Consolidated Sand-' 

Small pit excavation. 3 miles SE. 



dune Sand 

by SSE. of Adodar. 

28-3-10 

425 

Evaporated Salt of Occluded E side of SSE. end of Causeway. 



Creek. ; 

J -^ milt s NW. of Tunkra, 

28-3-16 

426 

Shaly, Indurated Flagstone ! 

SSE. end of Causeway, IJ miles 


i 

Dwarkd Group Beds. 

NW. of Tunkra. 

28-3-16 1 

427 i 

Recent Semi-fos'silised Shells,' 

Same site as 426. In irregular 



cemented to 426. 

Patches. 

28-3-16 

428 

Consolidated Shell -sand. Soft: Small Quarrv. 3 feet thick surface 



and Much Cancellated, ■ 

stone. 100 \ards WSW. of 
Tunkra. 

28-3-10 

420 

Consolidated Shell -sand. Thick, i 

Underlying 428 for fully 12 feet 



Solid, Large Blocks. | 

Stone on which Tunkra stands. 

28-3-1-6 

430 

i 

Sea-beach Sand. 200 yds. wide . . ^ 

1 mile SW. of Tunkra.. 

28-3-16 

431 

Consolidated Shell -sand . . 

, Low-tide Breakers. Same site as 




1 430. 

28-3-16 

432 

Coarsely -porous, Grey -brown Blown 

! S. side of Gosa. 6 to 8 feet deep. 



sand Limestone. 

j Quarry for State use only. 

28*3-16 

433 

Alluvium of Salt-mar^h. With '2 miles XNE. of Tunkra Spread 



myriads of Cfrithium shells. 

1 over Local Areas, 

28-3-16 

434 

Consolidated Shell-sand with[2 miles NE. of Tunkra. Covering 



adherent Sub-recent Shells : — 

wide areas of the Great Salt* 



mainly Cardium and Conus. 

marsh. 

30-3-16 

435 

Alluvium bordering Salt-marsh. 

2 miles W. by WSW. of Mokah 



Containing Freshwater and. 
Land Shells. 


30-3-1 6 

436 

Concretion ary -lime. Invading I)e- 

At depth of 20 feet Well -shaft f 



1 cayed Amygdaloidal Lava. 

mile W. by WSW. of Bapodar. 

:)0-3-16 

437 

t 

j 

j Decayeil Amygdaloidal Lava 

Immediately underlying 436, 

i 
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DIGEST OF DIARY. 

April, 1916. 


Camp-Station XVII.— Mokal. 

SSE. End of the Village, 

A N EXCELLENT SITE having been found adjoining, but not too rlose 
to the dwellings at the SSE. end of the village, the camp was 
established and got into satisfactory order on the evening of joth 
March, iqib : and, upon the following day, all monthlv accounts and 
othei outstanding items having been prepared, the Clerk of the 
Department was sent to the Hazur Office to adjust matters ; while the 
writer was kept busy in camp drawing up tlie concluding pages of the 
last monthly report, which was duly completed on the 2nd instant. ' 

On the morning of the ist of tlie month, the structure of the ground 
around and about the village was examined, well-shafts were inspected, 
and tlie neighbouring reservoirs visited with the following results : — 
Mokal village C situated nearly eight miles SSE. of the southern 
base of the Barda group of hills on the north-eastern margins of the 
Great Salt iMarsh of the State ; and is practically liemmed in on the 
N\V. and S , by portions of saliniferous alluvium. As a direct result 
of this peculiar environment, the ground for a radius of fully one mile 
surrounding the village consists of a very deep laver of soil, intensely 
calcareous and volcanic towards the X , X'E., E. and SE., but mainly 
composed of salt-marsh alluvium indued with sand and lime from the 
immediately underlying Post-pliocene Dwarka Group beds 

The water-supply problem is therefore a difficuk one to solve ; but 
the difficulty has to some small measure been met b\' the conserv^ation 
of the surface drainage in dammed up reservoirs on the XE. and SSW. 
sides and farther (about I mile) \\\ and SWC by WSW. of the village. 
When these artificial ponds go dry, as they do at this time of the year, 
the villagers are obliged to resort to their wells ; and these unfortunatelv, 
are either slightly brackish or quite foul and unfit for domestic purposes. 
Only at one spot, immediately above the gravelly subsoil of the XE. 
talav or reservoir of the village, has the surface drainage water been 
found to remain passably potable ; — doubtless by reason of a modicum 
of natural aeration ; for, not many yards distant, where there is a large 
and tolerabl}’ deep well-shaft, the surface-water percolates down to the 
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impervious clay below, and there, from the presence of a sufficient quan- 
tity of probably introduced as well as inherent organic matter, putre- 
faction sooner or later ensues. At the present time the well-water, 
teeming with myriads of Bacteria, Paramcetia, and other noisome germs 
s disgustingly foetid ; but, in spite of that, a few women and children 
were observed washing their clothes and persons therein ; — de gustibiis 
non di^putandiini. 

From the deep character of the soil, which is said to be very fertile 
at places, all the well-shafts have to be securely lined with stone, right 
down to and even below the water-level ; so that the nature of the sub- 
soil and underlying stone is veiled, excepting where new welFshafts 
are being sunk, as in the instance already recorded of the excavation 
4 mile N^^^ of the neiglibouring village of Bapodar. 

Accompanied by the village potter, a visit was paid on the ist 
instant to the sites from which clay is localh' obtained for tile and 
earthenware making. The scanty layer of alluvium annually deposited 
on the bottom of the ialao on the SSW. side of the village, dries into a 
hard, dark-grey coherent mass, which when kneaded with water and the 
ashes of horse-droppings, is “ thrown into rough tapering short tubes, 
cut lengthwise, and tired into good, strong native roofing tiles. 

For the fashioning of cliatties and other vessels for domestic use, a 
less gritty and more tenacious clay, full of the fibrous roots of dead 
grasses is somewhat similarl}' treated ; — the material being dug out from 
the first few superficial inches of the alluvium from a pond, I mile SW. 
by WSW. of Mokal ; and it was confidentially told, that the red chatties 
were burnt under intense heat at the bottom, and the black earthen 
pots, at a lower temperature towards the top of each temporary kiln. 

Around the abovenoted talav, the flat countryside, covered with a 
kind of coarse gravel, is thickly overgrown with big bushes of the thorny 
and leafless Edible Caper, Capparis aphylla, now conspicuous from afar, 
by their dense clusters of vermilion blooms. The buds and voung fruit 
of this plant, when pickled in brine, are much esteemed by native epicures, 
who also relish the bright cherry-red, ripe fruit ; which, to strangers, 
have a sweetish but sickly flavour. 

On the 3rd instant an excursion was taken northward and eastward 
to cover hitherto un traversed ground as follows : — The X. by NNW. 
road leading to Ranawao was taken over a flat alluvial plain for fully 
two miles belore anything noteworthy could be observed. A halt was 
then called to examine a slight eminence thickly strewed with broken 
stone, — principally fragments of miliolite-base drift, — where also a 
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small well -shaft was found. This exposure proved to be essentially 
similar to the one already referred to as occurring f mile NW. of Bapodar, 
by exlubiting about ii feet of superficial calcareous soil, lying upon 
nearly one foot of concretionary lime which was found impregnating the 
underlying bed of much decomposed amygdaloidal lava. The under- 
ground water-level stood at a depth of i8 feet from the surface. 

Proceeding thereafter to a distance of miles X. by XX\\\ of 
Mokah the surface soil gradually diminished, cn route, to nil, and a wide 
roadside, dry n ala -channel, showed the bedded -lava at the surface in a 
curiously characteristic way. The compact bedded-lava, eroded by the 
stream, showed a number of clearly-mapped vertical columns trans- 
versely shorn across to display their polygonal outlines ; and these were 
emphasised by the deposition in the joint- fissures of solid masses of con- 
cretionary lime. There can be no doubt that this exposure must at one 
time have been covered with a highly calcareous deposit of some 
sort, and that the lime therefrom must hav'e been dissolved by carbo- 
nated water and carried down to be redeposited in a concretionary, amor- 
phous form betw’een the joint -fissures of the bedded-lava below ; — much in 
the same way as it is now reacting at the base of the well -shaft noted above. 

About one mile farther in a X\V. direction or one mile SE. of Rana- 
wdo, the ground rapidly rises, and becomes increasingly covered witli 
deposits of the miliohte-base ; but upon turning EXE. to meet the main 
highway from Rdndwdo to Kahdorna about i.] miles E. by ESE. of 
Rdndwdo, the miliolite again becomes deficient, and the X. side of the 
so-called made -road is superficially excavated for some distance for an 
indurated shelly limestone of a ruddy-buff colour, which is not only per- 
forated and constituted by inch-thick laminae, loosely held together, 
but is markedly false -bedded. This deposit which evidently belongs to 
the upper Post-pliocene portion of the Dw^rka Group of beds, is largely 
used for metalling the adjoining high road ; and, unless tarred and 
dressed with granophyre chips, to take the surface wear and tear, cannot 
be expected to last much longer than a single season, and must there- 
fore be regarded as wasteful. 

A rapid drive along formerly traversed ground ESE. to Wadwdla, a 
distance of 4J miles, could not very well be avoided ; but, during that 
drive, from frequent peeps into wayside well -shafts, it was observed, that 
while the underground water-level of good potable water in the neigh- 
bourhood of Rdndwio, varied from 5 to 10 feet from the surface, that of 
\^ adwila had subsided to a depth of no less than 32 feet. 
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From the SW. end of Wadwdla, a somewhat straggling cart-track 
across country, frequently encroached upon by fields under cultivation 
was followed for a distance of 4J miles SW. to the camp at Mokal. The 
surface of the land at Wadwdla bearing an appreciably deep dep)osit 
of denuded and decayed miliolite-base stone, gradually assumed a vol- 
canic character, thickly and then thinly strewed with miliolite drift, 
until about miles NE. of Mokal the decayed subsoil of amygdaloidal 
lava appeared at the surface, only to be speedily obscured farther SW. 
by increasingly deep, deposits of highly calcareous detrital soil, tailing 
down westwardly to be absorbed by the alluvium of the Great Sait 
Marsh. 

Tents were struck at 6 a.m., and the camp was transferred to Navi- 
bandar on the estuary of the river Bhddar, — the largest and longest 
watercourse in the Province of Kdthidwar. The SW. cart-road from 
Mokal runs over an undulating gravel -strewed alluvial plain, for about 
f mile before entering upon the dry. fiat bottom of the Great Salt Marsh, 
which is more or less deeply covered with a dark-grey, sterile alluvium, 
and continues over an unvarying stretch of similar ground for fully 3> 
miles ; to a barely perceptible elevation, called Janga Bet, where the 
alluvium is strewed with some coarse sand, gravel and comminuted 
marine shells. From Janga Bet the temporary track swerves S, by 
SSW. to the village of Gosa, the outlying geological structure of which 
has already been noted, as being characterised by a tolerably deep depo- 
sit of inferior, soft, greyish-brown limestone. 

These deposits of inferior stone are quarried for State local use in 
the immediate neighbourhoods of Gosa and the small village of Nawa- 
gdm or Rdjpura, | mile farther SE. The small pit-quarry on the brow of 
the hillock, about 100 yards NW. of Nawagdm shows a soft, light -brown 
perforated but fairly compact stone, which gradually merges, at a depth 
of about 12 feet into a very porous shelly stratum ; and ordinary building- 
blocks, are hewn out of this deposit down to about 15 feet, when opera- 
tions are stopped by the underground water level from the surface of the 
less pervious hard, shelly and sandy limestone of the Dwarka Group. 

From the abovenoted site, a southward course was taken for the 
purpose of observing the sea -shore between Gosa and Navibandar ; and 
it was found, that with but unimportant variations, chiefly with refer- 
ence to the proportionate breadths of beach, blown sand-dunes, and 
inlying outcrops of Dwarka Group shelly and sandy limestones, which 
also reappear as low-tide mark breakers, the structure of the shore -lands 
is wonderfully uniform, until interrupted by the narrow and shallow 
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spit -bound mouth of the river Bhddar, | mile NW. by WNW. of the town 
of Navibandar. 

Returning from the shore to the main -road 2 miles XW. bv XN'W. 
of Xavibandar, a bold exposure of much cancellated, hard and splintery 
Dwarka Group limestone, emerges by the roadside from its covering of 
blown sand ; but the latter does not at this part, show signs of consoli- 
dating upon the former. Farther SE., however, in the neighbourhood 
ot Sikasa, a well-shaft, situated about 300 yards X. by XX^E. of that 
Village, disclosed the Dwarka limestone in flaggy beds for about 5 feet in 
total thickness, overlaid by some 3 feet of gravelly and shell v conglome- 
rate very heavily impregnated with lime. A rapid drive over ground 
of this character in a SW. direction for f mile, brought the party to the 
X. bank of the Bhddar Creek where it bends north-westward to its spit- 
bound outlet to the sea. Here, a ferr^-boat remains in readiness to con- 
vey passengers and vehicles southward for about 500 yards across the 
Creek to the landing-stage of Xavibandar. 

Specimens collected, registered and added to the State Geological 
Collection are : — 

' Regis-* j 

t’ate. , terecl i Provisional Name. | Locality and Remarks. 



I 43 s i CTiitty, Limy Conglomerate. Underlying Aluvium of Talav. 
I Subsoil. Probably Post-Gaj. NE. end of Mokal. 

I i 

j-4-lG I 439 ! PottePs-clay for Native Tiles, Alluvium of Talav SSW. side ol 

I and Coarse Earthenware. Mokal. 

1-4-10 j 440 Potter’s -clay for Chatties and Alluvium of Talav, J mile SW. by 
1 Superior Earthenware. WSW. of Mokal. 

‘>-4-10 441 ' Compact Bedded -lava Reticularly Brj" bed of Ro<tdside Nala. 3^ 

jointed. miles NNW. by N. of Mokal. 

.->-4-10 j 442 Concretionary Lime, fi lli n g: Same site as 441, 

I V'ertical joints in 441. ^ 

.3-4-10 443 Miliolite-ba«e Conglomerate. 0 to! One mile SE. of Ranawao. 

12 inches on Surface. j 

I 

3-4-10 444 Shelly and Sandy Li most o n e'lj miles E. by ESE. of Ranawao. 

Ruddy and False-bedded. 1 Roadside. Used for Metalling. 
Dwarka ? ; 

Decayed Amygdaloidal Lava , Surface, ll miles NE. of Mokal. 


445 
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R^gis-i 
Date. torcd - 
No. ; 


Provisional Name. 


Locality and Remarks. 


5-4-10 t 440 

I 


5 _ 4 _lf 3 44 7 

5-4-10 448 


Rl'^’vn-ailuviuin of the Great Salt Janga Bet. 31 miles SW. of Mokal. 

1 .Marsh. ■ 

! Li crkt' brown. Soft. Limostorc .. Siirfac^^. Small Qnarrv. 100 vards. 

1 ! X. bv XNW. of Na\vagam\ 

I I 

, Shelly Limestone. .. . . ‘Underh ing 447 at depth of 12 


5-4—10 ' 449 Shellv and Sandy Limestone Breakers at Low-tide. Shore. 

' Po''t-Phnceiie Dwarka Beds. mih SSE of Gosa. 

5-4-10 , 4,70 |Post-Procti)e LiinestoTie. ..2 mii«^ X. hy XXW. of Xavi- 

I baiidai. 

I 

5-4-10 4,71 Tamy. Giavelly and Shelly Tnp nf LM’no We 11 -shaft 300 yards 

( tmglo!iicr:itK* Subsoil. ,3 feel nr X. by XNE. of the village 
' thick at Surface. of Sikdsa. 


•7-4-10 i 4,52 Compact, slightly Cancellatevl TmmediateH' ruidorlymg 451, 
Flaggy Limestone of the 5 feet in total thiekness, and 
' Dwarka Group of Beds. uv<-rl\’nu Rubbly Beds. 


Camp-Station XVIII.—Navibandar. 

Traveller's Eitugalozv. About 200 yards SE. of the Tuivh. 

O N ARRIVAL at the bend of the N. bank of the estuary of the river 
Bhddar, opposite to Xavibandar Town, considerable delays were 
occasioned by crossing over the Creek of about 3 furlongs wide in 
a flat-bottomed ferry -boot propelled by poles over a 12 -feet deep 
channel ; so that it was very late in the evening of the 5th instant, 
before working arrangements could be completed at the Traveller’s Bun- 
galow ; — situated, as noted above. Time, however, was afforded for a 
few local observations, while the camp equipments were being trans- 
ferred from the ferry landing-stage to the bungalow, as follows : — 
The mouth of the great Bhddar river opens into its wide estuarine 
Creek, abounding in many kinds of edible fish, about i-f miles ENE. of 
Navibandar, where the channel is spanned by a substantial bridge with 
locks and flood-gates. Approaching the N. end of the ferry, there is a 
considerable area of overflows, usually smothered with mud, wliere 
countless small mud-skippers, {Periophthalmics koclreiiteri), bclovei of 
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Parsi gourmets, may be watched disporting, in, out and over the slimy 
sludge with lightning rapidity. Some of the native boatmen on the 
river banks confessed that they were rarely good to eat. 

Deepening at the ferry and then shallowing down seaward, the 
creek is deflected, from its E. to \V. course, to the N\V., — by a sandy 
bar, — to terminate in a backwater, a trifle over 2 miles to the NW. of 
Navi bandar ; but, before reaching to that distance, breaks through by 
a narrow sand-silted outlet, into the open sea, some miles NW. of 
Navibandar. The sandy bar, or spit, is not bv any means an insub- 
stantial, shifting entity ; but can boast of a solid foundation of hard, 
consolidated shelly and sandy limestone, which forms big breakers 
seaward at low-tide mark, and is re-exposed inland beyond the limits 
of the arolian dunes. 

On the morning of the 6th instant, further local observations were 
made, during a traverse coastwise, on foot. Boldly situated at the 
inland edge of tlie sand-dunes facing the open sea at a distance of scar- 
cely over T50 yards from low-tide mark, the Traveller's Bungalow is 
invested by an appreciable quantity of blown -sand, which is fortunately 
retained in situ as follows : — P'rom 50 up to 300 feet SW., or seaward, 
the sand is held firmly together by closely growing bunches of sedges, 
and the ground slopes gently downward to a line of the still more strongly 
binding creeper Ipomcea hiloha, with its powerful network of under- 
ground stems, which keeps the shifting particles together in a continuous 
level ridge. So soon as this bindweed ceases to grow, tlie sand drops 
down perceptibly, forming a kind of small pseudoscarp ; and, after a 
a short level space, by reason of the disposition of the underlying beds 
of rock, the beach slopes down abruptly to low -tide mark. Farther 
NW. and also about \ mile SE., the beach inclines gently to terminate 
at low -tide mark, in a line of thick flagstone breakers, belonging to the 
Dwarka Group of beds ; and this, with but unimportant variations, 
characterises the coast -line all the way from Porbandar to Navibandar. 

E\'idence of the elevation of the land during Sub-recent and Recent 
times is admirably afforded on the W. side of Na\ibandar, where a steep 
10 to 12 feet scarp, of false -bedded, sul>aerially consolidated, soft shell- 
sand, forming part of the foundations of the town, is conspicuously 
exposed ; and can be directly traced in continuity with the lower 
portion of the existing seaward dunes. There can be no doubt that 
this stone represents the wreck of a former dune, which once bordered 
the beach, but has since acquired its prf^^ent inland nosition^ by the 
raising of that beach. 
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Continuing north-westward along the sandy -bar mile NW. by 
WNW. of Navibandar and near to the partially silted mouth of the 
Bhadar Creek, the shore -line at low-water mark, as usual, exhibited 
its share of breakers of thick flagstones. Chi the spit itself the latter 
were, of course, deeply obscured by sand ; but on the S\V. bank of the 
creek they were re -exposed in hne development of sound and compact 
very thick slabs of stone which would be well worth extracting for build- 
ing purposes if it were not for its unfavourable situation. The same 
stone, however, all along the coastal region from Tunkra to Navibandar 
and doubtless far beyond, obtains in great abundance ; but like all other 
sedimentary deposits varies in texture, structure, and ergo utility, both 
horizontally and vertically ; so that profitable quarrying sites, — save 
those that are superficially apparent or accidentally disclosed b\' well- 
shafts, — can only be indicated with certitude by systematic prospecting 
with a calyx or other boring drill. 

On the jth instant a careful traverse along the coast, as well as 
inland, w^as made SE., as far as to Ratia Nes ; and thereafter across 
the wide alluvial and agricultural plains to the village of Garej, and back 
by way of the Bhadar Bridge and Sikasa, — with the following results : — 
On the upper or inland road to Ratia a brief pause was made to view 
the ruins ot an old stone -stepped sacred tank on the S\V. side of the 
road I mile SE. of Navibandar, where the ground on the NE. rises into 
a low continuous ridge of rough surfaced flaggy limestone of the Dwarka 
Group of beds, which is intermittently inc rusted with thin deposits 
of coarse and much decayed limestone bearing a strong miliolitic facies. 

It may here be noted that it is often very difficult to distinguish, 
by the naked eye alone, between deposits of miliolite and the frequently 
decayed, finer-grained limestones of the underlying Dwarka Group ; 
so that occasional errors may creep in, in spite of every care, while giving 
provisional names to these rocks. Such errors, however, can of course 
be to a measure rectified as soon as specimens are examined in the 
laboratory. 

Proceeding RatiawTirds, the elongated, comparatively narrow 
ridge gradually rises to an elevation of 39 feet above the sea-level, and 
is then depressed but continuous, and traversed by the roadway all 
along to Riitia. Samples of its stone were taken at 2 miles SE. of Navi- 
bandar, as fairly typical and were found to consist of a compact shelly 
and sandy limestone, false-bedded, prone to vary both horizontally 
and vertically, and to yield large flagstones, frequently sound and solids 
of from 6 inches to over 2 feet in thickness. The ridge runs in a sub- 
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parallel direction about J mile inland from the sea-sliore. and is thickly 
‘ clothed ’ with clumps of very robust Euphorbia ncrei folia, now in full 
bloom. The bland, inspissated latex of this plant, it appears, was sent 
to Europe with a view to extracting rubber therefrom, but the reports 
were so discouraging that no further effort was made, since 1891, to 
utilise the product. In spite of this, the writer ser t sanipleb to London, 
and received a very favourable report from an expert analvst, who 
stated that the substance was so rich in gutta-perciki and other utilisable 
by-products that it would be well worth wliile sending test consignments 
to liim, with the assurance that they would find a readv and probably 
profitable market. 

All the way along from Ratia to Ratia Xe^, and beyond, the ridge 
of Euphorbia-clad, flaggy limestone continues unabated. WelLshafts 
by the roadside and towards the sea -board were frequently inspected; — 
notably miles SE. of X'avibandar, — and found to show a very consi- 
derable depth of sound and solid but more or less cancellated limestone 
in many varieties of texture and exceedingly hard; from which enormous 
quantities of useful, salt -spray resisting, building-stone in blocks of large 
size and thickness could be readily extracted ; but, as uniformity of, 
quality cannot be guaranteed, it is very doubtful whether prices could 
be realised to cover even cartage expenses, except for short distances. 

Some of these Dwarka Beds of comminuted shells and grains of 
sand, compacted firml}^ together, are of such fine texture, as to yield 
polishable blocks of a distinctly ornamental cliaracter ; but, when found 
and followed, almost invariably degenerate within a few feet into fissile 
flagstones or very coarse porous material. Other beds of fine and 
apparently azoic composition, may yield a few big blocks free from rifts 
and flaw’s, to suddenly pass into heterogeneous masses full of ungainly 
perforations : but, nevertheless tough and strong enough for building - 
blocks oi inferior grades and qualities ; so that, on the whole, the vast 
development of material, undoubtedly present, could scarcely be turned 
to profitable account, except by systematic prospecting with boring 
appliances ; or, by desultory quarrying, to meet local demands. It 
may confidently be anticipated that these remarks will be found subs- 
tantially correct with reference to the entire sea-board and its immediate 
inland areas, right down soutlnvard to Madhavpur and beyond. 

At Rutia X\^s, which is situated fully \ mile inland from the seaside, 
a slight eminence to the N. by XXW. of tlie village is incrusted with a 
deposit of from 12 to 18 inches thick of an indurated, much cancellated, 
ruddy-buff limestone, excavated occasionally for local use, wfiiicli overlies 
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a deep layer of earthy, calcareous and concretion -bearing soil, and 
appears to be part of a denuded miliolite formation, which doubtless 
immediately ov'erlies beds of the Dwdrka Group. 

After traversing about \ mile of arable land in a north-easterly 
direction, the dark-grey sterile alluvium of the southern terminal branch 
of the Great Salt Marsh, was once more encountered, and rapidly crossed 
tor ij miles to reach a vide stretch of ploughed plain -land, to re-enter 
upon another mile of barren alluvium, approaching the SW. bank of 
the Ojat river. The dry bed of this channel, which wends its way NW., 
is excavated about a mile or so SSE. of Garej for large irregular lumps 
of consolidated recent shell sand thickly coated with tenacious allu- 
vium, bearing large quantities of recent shells, principally of the marine- 
littoral genera Pliolas, LitJiodonins, Cardiitni, Tellina, Mya and many 
more. This material closely resembles, and is doubtless a continuation 
of the deposit already noted as occurring superficially at Sibisa, — which 
is situated about 5 miles farther W'NW'. — and is used for building huts 
and cottages in the neiglibouring town of Garej. So scarce, indeed, is 
building material in its vicinity that the inhabitants of Garej * generally 
resort to making large blocks of the ubiquitous alluvial mud, which are 
simply stindried and used for the erection of their dwellings. 

From Garej, which suffers at this time of the 3-ear from a lack of 
drinking water, to be del 'aged during the monsoons, a water course was 
found winding b\- W'SW. to the E. bank of the Bhfidar river where it 
debouches into the Creek leading still farther \\'. to Xavi bandar. Near 
by this mouth the river was crossed over the substantial lock-bridge 
to the village of Sikusa, and thence to the ferry and back to camp over 
previously traversed ground. 

Tents having previously been sent on to Balej, tl)e Bungalow at 
Navi bandar wa-^ quitted on the qth instant, and a slightly different 
somewhat more seaward rcuite was followed as far as Ratia so as to 
afford an opportunit\’ for examining the sea-shore. The roadway 
SE. from Navibandar commences at a distance of \ mile from the shore 
and gradually recedes inland tow-ards Ratia wdiich lies upon the ridge 
of Dwfirka limestone J mile distant from the sea. On its westward 
aspect, up to w-ithin h mile NNWh of Ratia the shore-lands are covered 
by more or less blown-sand, practiealh typified by the following method 
of distribution wliich was reconled at i ] miles SE. by SSE. from Navi- 
bandar : — Commencing at low-water mark, the sandy beach with its 
line of Dwarka -limes tone breakers, slopes gentl}^ upw'ard for about 
200 feet where a sudden low scarp, a few feet in height, is developed 
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in the iorm oi a ridge by the spreading growths of Ipomcea hiloha and 
a few tufts of coarse grass. The ridge thus conserved, slopes down at 
about 40 degrees, to merge into a deeply sand covered plain, where a 
few Ipomceas and an increasing number of small knots of sedges bind 
the sand together in miniature heaps, each but a few inciies high. There 
is about 100 yards of this flat expanse, of sand which re-caught by the 
sea breezes, would be blown far and wide inland if it were not for the 
saving presence of many bushes of Heliotr opium marifolium, which 
arrests and holds the sand firmly to form, what has already been described 
as a toches ynoiiionnees-(hyci(^. Thereafter the diminished sand is spread 
but thinly over the land to gradually vanish altogether. 

Although an appreciable proportion of blown -sand mingles freely 
with the soil on the leew'ard side of the stretch of dunes, the ground, 
which is flooded during the monsoons, does not appear to suffer from 
infertility ; for it was noticed that this strip of land invariably yields 
good crops of carrots, chillies, brinjals and even cereals when placed under 
cultivation, notwithstanding the brackish well-water with which the 
crops are irrigated at this time of the year. 

In the absence of any other route, or ot likely noteworthy occur- 
rences out of the beaten track, ground already covered was unavoidably 
retraversed as far as Ratia Nes ; after which the SE. by SSE. roadway 
was followed to the hamlet of Untra. Here, about 25 yards SW. of the 
few cottages, there is the remains of a small abandoned quarry, with a 
deep dried-up well by its side. The exposure thus afforded showed a 
superficial deposit of about 3 feet of soft, decayed, gritty, brown -grey 
limestone, underlaid by thick beds of solid, slightly cancellated, hard, 
ruddy but splintery limestone. The whole of this deposit to a depth of 
20 feet, as well as the overlying soft stone, presumably a consolidated 
blown -sand, evidently belongs to the Dwarka Group of beds, and forms 
part of the very extensive ridge that runs parallel to the shore line at a 
mean distance of I mile therefrom. Strangely enough, the soft and 
comparatively valueless, almost rotten superficial stone has alone been 
extracted and utilised from this site, while the underlying, really strong 
and durable material has been left severely alone ; probably for want 
of tools, or lack of demand for good building material. 

From Untra the road swerves SE. and then E. towards the town 
of Bale] which was observed to be flanked on both sides, (E. and W.), 
by ridge -like eminences. On approaching Balej, the westward ridge, 
nearly 4 mile W. by WNW. of the town was lound to be superficially 
constituted by thick beds of stone, — tilted at an angle of 45 degrees, but 
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nevertheless merely false-bedded ; — sound and strong-looking enough, 
but decomposed almost to rottenness to the very core when touched. 
The stone probably belongs to the Dwarka Group. 

Specimens collected and added to the Registered List are as follows: — 


Date. 

Regis- 

tered 

No. 

Provisional Name. 

j 

Locality and Remarks. 

i 

^^4-D) 

! 453 

I 

Sub-recent Consolidated Raised- 
dune Sand. 

10 to 15 feet Sea-scarp. NW. End 
i of Navibandar Town. 

<>-4-1 H 

> 454 

Dwarka Limestone. Sandy anc 
Shelly Thick FUgstones. 

Brea kers at Lo w-t ide Mark. i 
mile NW. by WNW. of Navi- 
bandar. 

f)-4-16 

, 455 

Dwarka Limestone. False -beddec 
Thick Flagstones. 

SW. Bank of Bh dar Creek 
300 yards. E. of 454. 

7-4-16 

456 

Shell-sand of Beach. Mednim 
grained. 

100 yards SW, of Traveller’s 
Bungalow. Navibandar. 

7-4-16 

457 

Dwarka Limestone. Compact, 
Shelly and Sandy, Thick 
Flagstones. 

Roadside Ridge, 2 miles SE. of 
Navibandar. False-bedded. 

7-4-16 

i 

458 

Soft, Porous, Decayed to Brown - 
grey. Gritty Dwarka Lime- 
stone. 6 ft. of 2 ft. thick Beds. 

Top of Dry Well -shaft on Road- 
side, 2^miles SE. of Naviban- 
dar. 

7-4-16 1 

459 

Dwarka Limestone. Compact, in 
1 ft. 6 in. to 2 ft. thick Beds. 

Immediately underlying 458. 

7-4-16 j 

i 

460 

Dwarka Li mest on e . Coarsely 

Textured Thick Flagstones. 

5<30 yards WNW. of Riitia Nes 
and 650 yards from Sea -shore. 

7-4-16 j 

461 

Dwarka Limestone. Light-ruddy 
Fine and Cancellated. 

200^ yards N. by NNW. of Ratia 
Nes. Surface, 12 to 18 inches. 

7-4-16 ' 

462 

Sub-recent Consolidated Raised- 
beach Limy -sand. 

Bed of River Ojat. 1 mile SSE. 
of Garej. To depth of 6 feet. 

9-4-16 1 

463 

Dwarka Limestone. Decayed 
Coarse, Gritty and Brown -grey. 

Surface, Small Quarry. 3 feet 
thick. Cancellated 25 yards SW. ■ 
of Untra. 

9-4-16 

464 

Dwarka Limestone. Indurated, 
Ruddy, Compact but Splintery. 

20 feet of 2 ft. 6 in. solid Beds. 
Perforated. Underlying 463. 

9-4-16 

i 

! 

t 

465 

Dwarka Limestone. Coarse, 

Gritty, much Decomposed, 
with Apparent Dip of 45°. 

Ridge-slope running from NW. to 
SE. Nearly J mile W. by WNW. 
of Bale], 
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Camp-Station XIX — Balej 

Field -side, 300 yards SPE. hv SSPP'^ of the Toiz'n. 

ARRIVAL AT Balej OH the forcnoon of the qth instant, the 
tents were found properly pitched, facing due nortli, as directed, 
at the edge of a broad wheat -held and by the sid- of a x^ool and 
shady garden, not too close to the town ; and, as everytliing had been 
satisfactorily arranged beforehand, w'ork w^as resumed forthwith, by 
overhauling, testing, trimming, and packing the specimens that had 
been collected by the w^ay, as recorded above. 

On the morning of the 10th instant, an excursion was taken along 
the sea-coast lands SE , ns far as the village of Gorier, and from thence 
inland NE. to Kadach, and back by w\ay of the NE. side of Bale] to 
the Camp, as follow^s \ w'cll -shaft near the -mall talav abf)ut mile 
due W. of Balej disclosed a deep layer oi soil resting upon a base of solid, 
cancellated DwGrka limestone ; but the rEing ground immediately 
to the W. of the talav, upon which a small or group of shepherd’s 
dw'ellings is built, was found to be composed of a thin crust, of about 
12 inches deep, of a coarse, gritty, browm-grey, honecTombed limestone 
Proceeding bv a well-beaten cart-track towards the sea-shore, a 
shallow quarry witii an adjoining w^ell-shait, 500 yards \VS\V. by SWk 
of tlie Xes. or about 4-5 mile WSWk of Balej w’as next examined, and 
found to show' no less than 25 feet of solid, sandv and shellv Dwnirka- 
limestone, in beds varying from 2 to 2i feet thick of slightly cancellateii 
structure and medium texture, and this stone w'a- traced seaward for 
300 yards WSW. to become obscured by blow'n-sand, \ mile from the 
sea-side, where sand-dunes intervene ; but the Dwdrka limestone re- 
appears, as usual, in tlie form of big breakers at low-tide mark. 

Uniformity of geological structure, as recorded above, characterises 
the shore borderland right away down to Gorsar, wdiere there appears 
to be a break of continuit\' occasioned by the erosion of a former creek. 
Before reaching Gorsar, however, a roadside well -shaft, ^ mile nearly 
due W. of the small village of Mocha, w'as inspected, and noted to be 
sunk for about 26 feet through thick beds of a slightlv cancellated, 
pale-buff, finely textured limestone strongly resembling a miliolite, but 
probably referable to the much older Dwdrka Group of deposits. 

On reaching Gorsar, wEich is encroached upon by blowm-sands, the 
village w'as observed to stand upon a substratum of gritty, grey-brown, 
much perforated and somewhat decayed limestone, probably blow'n- 
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sand, which is desultorily dug out for building purposes on the SSE. 
side of the village, on the NE. side of which a well-shaft discloses the 
same material to a depth of 15 feet. 

From Gorsar the land slopes down decidedly inland north-eastwardly 
for over li miles to reach a depression 18 feet only above datum, in the 
midst of which the town of Kadach, surrounded by alluvial deposits, is 
built. An examination of well-shafts near by and at the bottom of the 
now dry talav, to the immediate SW. of Kadach, showed a substratum 
of rubbly and then of thin flaggy, compact, ruddy-limestones of fine 
texture, evidently belonging to the upper portion of the Dwdrka Group, 
but of no commercial value. 

The return journey from Kadach, was taken in a N\V. b}^ WXW. 
direction ; — first of all, over i-| miles of an alluvial plain and afterwards 
over increasingly rough and rutty, stony ground formed by coarse, ruddy 
Dwarka-limestones, which gradually became so false-bedded as to appa- 
rently dip at places, at an angle of 30°. This was especially noticeable 
at the superficial exca\'ations on the edge of a ridge of flaggy material, 
closely resembling the Kunchri-stone, and composed of a compact, 
ruddy, shelly and sandy limestone of the Dwarka Group, 500 yards N. 
by NNE. of Rabarikliira whence Bale] draws its principal supplies of 
building stone. 

Tents were struck at 6 a.m., and the camp was rapidly transferred to 
Madhavpur on the 13th instant, where everything was got into satisfactory 
working order before the close of the day. The town was found crowded 
to repletion with strangers from all parts of the Province, who had 
journeyed thither to attend a Hindu festival and fair ; so that some small 
difficulty was experienced at the outset in catering for camp comforts. 

As the borderland between Bale] and the sea-shore had alread^’ 
been fully investigated, as far southward as the village of Gorsar, the 
inland rough route SSE. was followed, skirting the long narrow ridge of 
rock which runs approximately in the same direction, and which was 
lound by frequent inspections of tlie ridge slopes and of well-shafts at its 
base, to be composed entirely of Dwarka limestones, principally of a 
medium shelly and sandy character, more or less penetrated by per fora 
tions, practically false -bedded, and developed in flaggy beds of very 
variable thickness. As instances of local variations, it may be noted 
that at about if miles SE. by SSE. of Balej, a roadside well-shaft, near 
the basal border of the ridge, disclosed no less than 18 feet of solid, but 
somewhat freely perforated, yet strong and tough Dwarka limestone 
capable of being extracted in big blocks suitable for general building 
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purposes ; while farther along, still SSE. at about the parallel of the 
highest summit of the ridge, {8o feet above the sea-level), and f mile 
NNW. of the village of Mocha, a well -shaft on the level of the plain 
below, revealed a remnant of only 4 feet of solid stone, — probably the 
base of the hill-forming strata, — overlying 15 feet of rubbly rock and 
earthy, limy, conglomerate. 

Approaching Gorsar, barely i mile farther SE., the long ridge of 
Dwdrka limestone gradually diminishes to practically nil towards the 
precincts of the village ; where, as already noted, the stone assumes a 
different lithological character, becoming rubbly, and finally, conglo- 
meratic below. The course of the journey was thereafter altered, and 
the road S., across an incursion of sand-dunes, was followed to the Nes 
or abode of shepherds, 4 mile S. of Gorsar. At this spot, the ridge of 
Dwdrka limestone gradually rises and continues south>eastwardly lor a 
couple of miles to the height of 79 feet above datum, at Chingaria ; 
while the intervening borderland, nearly | mile broad, is constituted 
by an undulating rock-plain, the geological structure of which is revealed 
by sundry artificial exposures , to wit, by a wcll-shaft on the roadside 
near Gorsar Xcs, which shows 10 feet of solid, slightly cancellated, 
Dwdrka limestone, apparently in only two beds, each about 5 feet thick ; 
and, about J mile SW. by WSW. of Chingaria and nearly 800 yards dis- 
tant from the shore, where there is an abandoned superficial quarry 
alongside of a deep well-shaft. The latter shows 15 feet of solid cancel- 
lated alternating fine and coarse sub-recent, soft, consolidated shell- 
sand, similar to that which has been so extensively quarried, (for the 
erection of the poorer class of native dwelling-houses), along the six- 
miles of shore-land from near Porbandar City to Kunchri and beyond. 
Underlying this come the beds of hard shelly and sandy limestone of the 
Dwdrka Group ; — but to what thickness they actually attain, can only be 
ascertained by core-drilling. 

From Chingaria to Pata, the ij mile SE. road runs over ground 
geologically similar in all respects to the preceding line of route from 
Gorsar to Chingaria ; but it was observed, upon approaching Pata, that 
the shore-line, — which is broken through by the erosion of a rivulet, — 
is varied on its NW. aspect by increased accumulations of blown-sand, 
•v'hich surmounting and covering a small elevation of land thereabouts, 
rises to an elevation of 43 feet above the sea-level, and is collecced and 
held in place in semblance ol a group of elongated Imolls by the agency 
of tliickly-growing shoots of a stunted variety of the Common or Barbados 
Aloe , — Aloe vera. 
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After crossing the dry bed of the stream, h mile S. of Pata, the road- 
way once more approaches the sea-shore, at a mean distance of between 
200 and 300 yards therefrom, shielded to westward by a long, low, even 
sand-dune ridge ; while the Dwarka limestone elevations were observed 
to recede farther inland and to swerve eastward leaving a wide sub- 
triangular plain, with its base, stretching from their southern termination 
to the sea-side town of Madhavpur, if miles to the south thereof. 


Specimens added to the State Geological Collection are as follows ; — 


! 

Date. 

Regis- 

tered 

No. 

1 

1 

Provisional Name, | 

i 

Locality and Remarks. 

10-4-16. 

466 

Dwarka Limestone, Superficially 
Decayed. Coarse and Gritty, 

Slight eminence, N, side of Ncs. 

\ mile W. of Balej. 

10-4_16. 

467 

Dwarka Limestone. Shelly. 

Sandy, Indurated Flagstones. 

i mile WSW. of Balej and ^ mile 
from Sea -shore. 

10_4_16. 

468 

Dwarka Limestone, Shelly, 

Sandy, Compact Flagstones. 

1 mile WSW. of Balej and J mile 
from Sea-shore. 

10-4-16. 

; 469 

Fine Blown-sand of Beach. 

miles WSW. of Balej. 

10-1-16. 

470 

i Pale- buff, Finely -textured and 
j Slightly-cancellated Limestone. 

Surface to 26 feet of Well-shaft. 
J mile nearly due W. of Mocha. 

10_4_16. 

471 

1 

Dwarka Limestone. Grey-brown, 
Gritty, Rubbly, Deca^’^ed. 

SSE. end of Gorsar. Stone on 
which the village stands. 

10>4_16, 

472 

i Dwarka Limestone. Rnddj", 

j Rubbly and Shaloid. 

I.jO yards SSW. of Kadach. To 
depth of 1.7 feet of Well-shaft. 

10-4-16. 

473 

[Dwarka Limestone. Compact, 
j Ruddy thin Flagstones. 

Bottom of dry Talav. 60 to 86 
yards SW. of Kadach. 

10-4-16. 

474 

[Dwarka Limestone. Compact,! 
Ruddy, Shelly and Sandy. 

Flagstone Quarry. 500 yards N. by 
NNE. of Rabarikhira, Balej. 

13-4-16. 

475 

Dwarka Limestone. Shelly, Sandy 
Compact but Cancellated. 

1e, edge of Ridge, Virawao. 1^ 
miles. SE. by SSE. of Balej. 

13-4-16. 

476 

Dwarka Limestone. Shelly and 
Sandj , compact but Cancellated. 

Well-shaft Surface. E. edge of 
Ridge 2 inileNNW. of Mocha. 

13-4-16. 

477 

Sub-recent, Consolidated Shell- 
sand, Overlapping 478. 

Top of 17 feet deep well-shaft.’ 2 
mile SW. by WSW. of Chingaria. 

13-4-16. 

47S 

Dwarka Limestone. Shelly. 

Sandy and Compact. 

Underlying 477 at depth of 15 feet 

13^1-16. 

479 

Slightly Coherent Sand, Base 
! of Aloe covered Dune. 

‘ Nearly 1 mile W. of P<«ta, and 
300 yards from Sea-shore. 



clxiv 


Economic Geology of Porbandar State 


Camp-Station XX.— Madhavpur. 

^ Van\ NE. Outskirts of the Town. 

O NE OF THE BEST POSSIBLE of camping gronncls was secured at a 
place called the ‘ Vdn'; — a veritable Banyan -bower on one 
side vith a plantation of tall densely-crowded Coconut -palms on 
the other. The Banyan-bower is worthy of special notice in this place, as 
being one of the hnest of its kind in the State, if not in the Province. 
It is constituted by only a couple of comparatively small trees of 
Ficus hengahnsjs, whose wide spreading branches have thrown dowm a 
vast succession of aerial roots, many of which have penetrated into the 
ground to form huge pillars out-rivalling the parent stem in size. The 
shady retreat beneath the canopy formed by these twain trees, covers 
ah area of more than 150 bv 80 feet, and affords ample space for the 
accommodation of a fairly large chalet, single-poled tent. 

On arri\'al at Madhav]>ur, the town and its surroundings were found 
crowded with a motley throng of visitors to a local Hindu fair called 
Madharrai iSleda, and some difficulty was experienced in domestic camp 
arrangements, and in procuring attendance for camp and field work, 
until the close of festivities on the evening of the i6th instant. The 
brief respite thus occasioned, however, was turned to good account by 
drafting sketches and mapping in connection with the production of 
the Third Quarterly Report. 

On the 17th instant a bullock-cart was secured for the purpose of 
carrving specimens while investigating the geological structure of the 
coastal borderland on foot from Madhavpur southward to the boundary 
of the State. It has already been recorded that the sea-shore to the 
N\V. of the town, extends towards Pata in a long, narrow, unbroken 
stretch of low sand dunes, which slope down on the leeward side to a wide 
undulating rock plain ; but to the SE. of ]Madhavpur, it was found that 
the sand dunes encroach inland for fully haif-a-mile, forming ridges of 
high hillocks in the neighbourhood of the town. On reaching one of 
these eminence^, 1 mile ESE. of Madhavpur, a tolerably large open 
quarrv, called Babudi Khan, was revealed where excavations to depths 
of from 17 to 34 feet, slopped by the underground water-level, afforded 
ample evidence of the nature of the deposits ; which are nothing more 
nor less than consolidated accumulations of blown-sand. 

Babudi Kli^n, at its western, most deeply worked ' back ' shows a 
superficial depth of loo:?ely coherent blown-sand, which passes almost 
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abruptly into freely cancellated, and finally, into compact but soft and 
porous, light -brown stone. At places, where the surface loose -sand 
has been blown away by the prevailing winds so as to expose the already 
cancellated and sub -aerially consolidated stone, subsequent sunbaking 
has been instrumental in converting the upper parts into very hard and 
splintery material. The stone from all parts of the quarry, right 
down to the underground water-level, is usually cut into blocks i8 by 
12 by 6 inches in dimensions, and these are sold, at the quarry, at from 
Rs. 2 to Rs. 2-4 annas, per 100 blocks, and consumed locally for erecting 
walls and native cottages. 

It is both interesting and instructive to observe that the cancel- 
lations in this and other raised sand-dunes which have become sub- 
aerially consolidated, are practically limited to the superficial portions, 
and differ somewhat in character from the perforations that are found 
in deposits of littoral -marine origin, — such as those of the Dwdrlca and 
Miliolite beds of limestone. They are evidently, for the most part, 
produced by the bindweeds, sedges, grasses and other plants which play 
such an important part in preventing the whole of the sand from being 
blown inland. Some of the larger spaces, moreover, are possibly the 
remains of the burrow^s of certain agamoid lizards {Uromastix hardwickei) 
which abound hereabouts. 

From Babudi Khan south-eastw^ard to the southernmost limit of the 
State, the blown -sand encroaches inland, forming sporadic dome -shaped 
dunes at intervals, for fully half-a-mile, making it impracticable for the 
roadway to approach any nearer to the shore, which forms an irregular 
and interrupted sloping beach to the level of the sea. A little farther 
inland the surface of the ground grows rocky and rugged, with the cor- 
rugated upturned edges of false-bedded, indurated, sandy, buff-coloured, 
very variable beds of DwArka limestones, which ultimately rise into a 
multitude of hillocks trending roughly northward from the State -boundary 
to Mulmadhavpur, miles, to tail down westward in the direction of 
Madhavpur, for about 700 yards. The stone yielded by these hillocks 
especially on their eastward slopes, frequently exhibits a marked appar- 
ent dip from SW. to NE.; sometimes in tliick, solid flags suitable for build 
ing purposes ; but, unfortunately such developments are found to be 
very limited, and liable to vary suddenly into coarse fissile or splintery 
textures, so that little if any use has been made, even locally, of the 
material. 

On the 19th instant, after all samples had been trimmed, registered 
and carefully packed, the exploration of the neighbourhood of Mul- 
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madhavpur was resumed as follows : — About one mile W. of the village, 
a large abandoned quarry was examined and found to be nothing more 
nor less than a complete excision of an inland raised sand-dune' from 
summit to base ; a foot or so deep at one end and 25 feet at the other. 
The stone yielded from this excavation is precisely similar to that now 
being extracted from Babudi Khan noted above, and would no doubt 
furnish material durable enough for small native dwellings, if prof)eriy 
laid and plastered with good mortar ; — the materials for which are locally 
superabundant. 

For about a mile to the W\, and thereafter to the S. and trending 
SE. to the boundary of the State, from the village of Mul madhavpur, 
are numerous hillocks of a compact ruddy to buff Dwdrka limestone, 
much false-bedded, and flaggy, which only occasionally yield large and 
sound building blocks, but can nevertheless be turned to profitable 
account by being excavated within reasonable limits, for kilning into 
exceptionally strong lime. Much of the superficial soil on these hilly 
slopes/ indeed, is actually converted by epigene reactions into a kind 
of earthy lime, which is dug out by the villagers as wanted, for plastering 
the floors and walls of their dwellings. 

It has already been recorded, but may here be repeated by way of em- 
phasis, that of all formations in the State, the Dw^rka beds, although 
of inconsiderable total thickness, offer the most puzzling of stone textures 
and variations in colour and composition. So, in Mulmadhavpur, 
where the material predominates, it was not surprising to find a foirly 
large but quite local development of sound and compact flagstones, 
often from 6 to 8 inches thick, finely grained, and of a pale ruddy -buff, 
almost white, colour, exposed superficially for a tew hundred yards, 
to within a stone's -throw of the east end of the village. The same stone 
however when traced northward, soon grows very rough and rubblv, 
and is not utilised locally because of its superior hardness. 

When the outcrop of this stone ceases, it gives place to the appear- 
ance aboveground, of a coarsely textured, soft, porous, but incompre- 
hensibly tough, sandy limestone, of a ruddy-buff colour, containing a 
few thoroughly recalcified fossils of marine molluscan shells, and clearly 
underlying the compact flagstones as basement or conglomeratic beds. 
This stone is quarried in pits to a depth of about 6 feet, i- mile E. of 
Mulmadhavpur, in blocks of all sizes, but usually 3 to 4 feet by 12 inches 
and by 6 to 8 inches in dimensions, and sold at the pit sites at 4 annas 
each. They are only locally demanded for cottage door -steps. Precisely 
similar stone of slightly better quality is quarried to a depth of 10 to 
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12 feet, (the underground water-level), exclusively for State use, at the 
* Veler Khan,' ^ mile N. by NNE. of Mulmadhavpur. 

After visiting the abovemen tioned sites, the journey was continued 
northward for the purpose of examining the hilly ridges which trend for 
li miles from WSW. to ENE., commencing approximately one mile 
NE. of iMadhavpur. These were found to be built up of coarse, false- 
bedded, flagstones of the Dwdrka Group, variable from place to place 
and so deeply decayed as to offer no temptation to would-be local stone 
consumers. The final ridge hereabouts terminates abruptly eastward, 
at a height of 36 feet above the sea -level ; and the land thereafter slopes 
to a decided depression more or less covered by dt posits of alluvial 
clay for fully 2-]- miles farther E. to the SE. corner-boundary of the State, 
which extrudes in form of an alluvial area of about 2i sauare miles in 
extent. 

Taking the north-westward road from the base of the boundary 
for 'I mile to another corner boundary of the State, a small bridged 
rivulet was found, practically terminating at this spot, eroded deeply 
through c- fine, iresh-grey plastic clay, crowded with the shells of an 
elongated variety of Paluduia, and thereby denoting its freshwater 
origin and suitability for use as superior potter’s clay for the manufacture 
of native earl henv are. 

Continuing along the level cart-road north-westward hugging the 
State boundary all the way, first of all NNW. for ih miles, then N\V. 
for I mile, and afterwards WSW. for i mile to another corner-boundary, 
the land westward and then southward was noted to present a flat 
stone -st re \\m plain diversified by sundry small and large irregular patches 
of alluvial deposits ; the roadway was therefore followed sinuously 
eastward over fitfully cultivated ground derived from a substratum of 
Dwdrka limestone towards the village of Pdta. At 2I miles E. by 
ENF. of Pat a, a slight eminence was observed and found to be super 
ficially quarried to depths of from 6 to 12 feet of a soft, cancellated grey- 
brown stone presenting all the features, already recorded, of c(3nsoli- 
dated blown -sand. At Pat a itself, 100 yards ESE. of the village, a 
good exposure of the beds forming the high ridge from XW. to SE., 
was examined and found to be constituted by false -bedded strata of 
hard, flaggy, ruddy -buff Dwarka limestone of so variable a character, 
as to be commercially worthless, although cjuite good enough for local 
use. Pata village, is built upon the rubbly stone of this ridge, which, 
although it lies fully | mile inland from the shore, is yet covered pretty 
deeply at places, notably on the south side within the village, with 
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marine drift ; — bearing numerous shells of chanks and other recent littoral 
mollusc^i. 

Proceeding to the seaside due W. of Pdta, the sand dunes at a dis- 
tance of 300 yards from the shore-line were noticed to sweep over an 
elevation of 43 feet above the sea-level, to form a considerable area, 
fully 500 yards across, of undulating ground thickly overgrown by the 
Barbados Aloe, Aloe vera, which would without doubt be capable of extend- 
ed cultivation on the dune tops, with only a mere trifle of attention, and 
thereby not only bind the sand together but yield revenue to the State by 
the establishment of a native factory for crude ‘ Aloe-cake,' which is 
chiefly exported from Bombay to the United Kingdom and the Straits 
Settlement. 

Turning once more inland, a small quarry was examined about 
200 yards or so SSW. of Pata, towards the tailing down on the lee ot the 
shore-dunes. The artificial exposures in this pit disclosed from 2 to 8 
feet of soft, grey-brown^ consolidated, fine blown -sand overlying from 
8 to 10 feet of medium to coarse, pebbly and shelly conglomerate, barely 
compact enough to hold together when hewn out as building blocks, and 
manifestly constituting a portion of raised-beach of Sub-recent date. 

On the 2ist instant tents were struck at Madhavpur, at 6 a.m., and 
the camp was transferred to the inland town of Kadach, which had been 
casually visited on the loth instant, in traversing the countryside inter- 
vening from Balej to Gorsar and back by way of Kadach. The XNE. 
cart-road over rough and rubbly Dwarka limestone was followed along 
its crescentic course towards Mander, thereby affording an opportunity 
for thoroughly examining the structure of the ground, westward to the 
shore borderland and eastward to the boundary of the State. 

Confirmatory evidence was taken of the structure of the ridges of 
Dwarka limestone, (variable, cancellated and compact flagstones, fre- 
quently false -beddedl, which lie to the SE. of the roadway, while the plain 
on its westward aspect is covered by thick deposits of freshwater alluvium 
indicated by the presence, (especially in a small river bed which runs to 
Pata), of numerous shells of Unio, Manorhis, and a few valves of Cyclas. 

Onward and northward, the slight eminence, noted already, on the 
19th instant, as occurring miles E. by ENE. of Pata, was re-crossed, 
but in a northerly direction, and a second small abandoned quarry, — tht‘ 
bearings of which were noted as 2| miles N. by XNE. of Madhavpur, — 
was discovered, which shed additional light upon the general structure 
of the underlying strata. The quarry bottom was pierced by three 
small well-shafts, so that the following results could be readily pieced 
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together: — For an area of nearly i mile in diameter, the alluvial surround- 
ings give place to a dome shaped mound of consolidated blown -sand ; — 
now more than 2 miles distant from the sea -shore. This soft and porous 
grey-browm stone attains a maximum thickness of 20 feet, riddled with 
perforations above but compact below. It was only this very poor 
material that was sought for by local excavators, and when nearly ex- 
hausted, the diggings were, of course, abandoned. The bottoms of 
the well -shafts however show, that the original sand-dune was wafted 
on to a substratum of hard, thinly-flaggy, ruddy -buff Dwarka limestone, 
which appears to constitute the foundation beds of the whole of the coun- 
tryside from the shore, right up eastwards to the boundary of the State. 

The abovenoted inference is amply borne out by subsequent testi- 
mony as follows : — About 3} miles N. by NNE. of Madhavpur, an elon- 
gated ridge of precisely similar stone to that found at the bottoms of the 
20 feet deep well-shafts, outcrops along the roadside, and is locally called 
Bhayani Dhdr. The stone is hard, much cancellated and weathered 
above, and false -bedded, but promises to yield tolerably thick and sound 
building blocks. It is doubtful however, whether this fairly good mate- 
rial will ever be utilised, because it is not valuable enough to justify 
quarrying and cartage except for short distances, and is much too diffi- 
cult to tool for local use. 

One mile SE. of Mander the same stone outcrops as subsoil, and large 
rubbly blocks of it are simply levered up for building purposes ; for 
although the stone also forms the foundations of the town, it there 
obtains superficially in a completely shattered condition for several feet 
in depth, and local builders do not find it worth their while to dig deeper. 

From Mander to Kadach, similar conditions of rough, rubbly surface 
prevail till within about a mile of the last named town, which lying in the 
midst of a depression of what must formerly ha\T been a southerly con- 
tinuation of the Great Salt Marsh, is practically surrounded by alluvial 
deposits. 

Specimens gathered for the State Geological Collection during the 
sojourn at Camp-Station Madhavpur are as follows : — 


Date, 1 

, Regis- 
tered 
No. ' 

Provisional Name. 

1 Locality and Remarks 

1 

17-4-16. 

480 

1 

1 

vSub-rer-ent Consolidated Blown-! 

sand of Raised-dune. I 

1 1 

Surface, W. end of Large Quarry 
4 mile ESE. of Madhavpur. 
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Date 

i 

i Regis- 
tered 

1 No. 

i 

1 Provisional Name. 

Locality and Remarks. 

17-4-10. 

4S1 

Sub-rfcent Consolidated Com- 
pact, Blown -''and. 

Same site as ISO. but 20 ft. below 
surface of E c'ud of (luarry. 

17_4_ir). 

4S2 ' 

Sub-recent Consolidated Blown- 
sand, Hard and Honeycombed. 

Same site as 480. Sunl>aked 

surface of E. (uid of Quarry. 

17-1- U5. 

483 1 

Coar'-e ‘^hcll sand of Sloping B(‘ach 

1 mile SE by SSE ( t Madhav- 

}>U1‘. 

17- ' . 

484 

Blown -sand oi Care -zone of 
Dunes 

1 mile SE of Madiiavyuu. 

17-r-lG. 

4Sy 

Dwiiika 'limes tone. 3 ft. thick 

Much honeycombed. 

Surfac- of uell-.-^haft li miles SE. 
by ESE. of iMadhav]>in 

17-4-10. 

486 

Dwarka-lim(‘.>'tone. Compact 
Shelly and -andy. 

Imuu'diati'Iy umhu'Uing 485. 
at 3 to (» ft fiom Surface. 

17-4-10. 

487 

Dwarka -limestone Shelly and 
Pebbly CV>ne loin ('rate. 

Immediat('iy underlying 486, at 
7 to 15 ft fnun Surfaee, 

1 7-4-1 0. 

488 

Dwai ka-limestone. Pimu Pale-I 
buff, Sandy. Fa]''(‘-}>edded 

E. ■'lope of Hillock miles 

ESE. of iVladhavpur 

1 0-4-1 0. 

4S9 

Dwarka-Iimc'.tone Fine. Ruddy 
butf. Flaggy. Fake- bedded 

Low Ridge, nearly I mile W ot 
Madhavpur, 

1 9-4-1 0. 

400 

Dwai ka-bm(".ton(' Compact. Pale'Surfaei'. 100 yds E of Mul 
Ruddy-buff. Big Flaii^tonc's | rnadhavpur. Worth prosjR'ct- 

1 

19_4_16. 

491 

Dwarka -limestone. Coarse, Very 
Porous but Tough. Big Blocks 

Surface Pits, 6 f(>et-dcop 4 mile 

1 E. of Miilmadhavpur 

19-4-16. 

492 

Dwarka-limestoue. Coarse and Veler Khan Stale Quarry. 4 mile 
Porous but Tough, verv larcrei N hv NNE. of Miilmadhavpur. 
Blocks. 

19_4_16, 

493 

Grev-bro\^Ti Limestone. Indurat- 
ed and much Cancellated. 

E. end of WSW to ENE. Ridgi* 
2* mUe NE. by ENE. of Mul- 
madhavpui . 

19-4-16. 

494 

Alluvium of Boundary Nala full of 
Pahidime and a few Cydas. 

3J mile ENE of Madhavpur 

19-4-16. 

495 

Grey-brown Limestone^. Fine; 
Blo\\'n-sand. | 

Small abaiidonecl Quarrv. 2J miles 
E. by ENE of Eata. ‘ 

19-4_1G, 

496 

Dwarka-limcstone. Compact. Buff 100 yds. ESE. of Pata cn NE. 
Flaggy, Cancellated. Variabk'. ■ slope of NW. to SE. Ridge. 

19-4-16. 

497 

Earthy Deposit full of Chank and Overlying Dwarka -limestone SE. 
other Recent Shells i part of Pata Village. 
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Date, 

Regis- 

tered 

No. 

19-4-16. 

498 

19-4-16. 

499 

21-4-16.1 

500 

21-4-16. 

501 

21-4-16. 

502 

21-4-10. 

i 

1 

503 

21-4-16. 

504 


Provisional Name. . Localit}’ and Remarks, 


Consolidated Blowm-^and. 4 tojSurfaee of small Quarrv. 200 vds. 
10 ft. Deposit I SSW. of Pata. 

Recent Consolidated Pebbly and Immodiatoly underlying 498. 
Shelly Raised-beach 

Dwarka -limestone. Thick Flags, li miles NNF, of Madhavpur W. 
Hard, ('aneellated and False- end of WNW. to ESE. Ridge, 
bedded 

I 

Consolidated Blown -Sand. Grey- 24 miles N by NNE. of Madhav- 
brown, Cancellated Surface. pur. Small Abandoned Quarry. 

1 Dwarka -limestone. Hard. Ruddy. Underlying 501, at depth of 20 ft. 
j thin Flags. ficnn Surface. 

] ^ 

IDwarka-limestone. Hard, Ruddy, Bhayani Dhar, 3-[ miles N. by 
j Sunbaked and False -bedded. NNE. of iladhavpur. 

Dw'arka -limestone C o m p a c t. Surface and Subsoil. 1 mile SE. 

I Rudd V, Thick broken Flags of Mander. 


Camp-Station XXI.— Kadacta. 

Pipal Arboretum, 300 yards EXE. of the Small To'dm. 

C ONVENIENTLY SITUATED as a camping ground, but with little in 
its favour for geological reconnaisance work, I^^dach was chosen as 
a halting place, partly to break too long and arduous a journey and partly 
to afford an opportunity for examining the stretch of countryside radi- 
ating eastward from the town to the boundary of the State. 

Kadach, as already noted, lies in the midst of an alluvial depression, 
which however ceases at about 300 yards on its east side to gradually 
rise into a barren rock-plain, more or less thickly strewed with fragments 
of Dwdrka -limes tone sub-soil drift. This plain extends for over 1,000 
yards to the NE., E. and SE. of the town to descend farther eastward 
by a slight scarp into a narrow strip of cultivated valley- land to rise 
again as a rock-plain right up to the boundary of the State. The geolo- 
gical structure of this rock-plain is well exemplified by excavations 
bordering the slight scarp alluded to above, from which site, called 
Babudi Khan, stone is extracted for local building purposes. The quarry 
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cuttings, including a small well-shaft adjoining, show a few feet of rubbly 
subsoil derived from a total thickness of about 12 feet of tolerably thick 
flagstones of a ruddy -white colour and compact texture, inclined to be 
rifty and decidedly false-bedded. The bulk of the material is soft enough 
to be very easily tooled, but becomes case-hardened by exposure ; and 
especially so by prolonged sun baking. Immediately underlying these 
flagstones there comes a stratum of fully 10 feet of a rubbly conglomerate, 
with numerous fossils of shells of marine molluscs, w'hich together with 
their matrix have undergone complete re-calcification by the infiltration 
of dissolved lime from above. 

It may be noted in passing, that the upland drainage channels, 
which form considerable w'atercourses southward along the Barda-Alecii 
vale, break up into numerous rivulets which periodically discharge their 
waters into the main body of Porbandar ’s Great Salt Marsh ; so that in 
the event of a very heavy rainfall season, the low^ Iving lands around 
Kadach stand in danger of being overwhelmed by floods. Such a dis- 
aster indeed, it is locally stated, occurred only as recently as September 
1914, w'hen the camping ground, known as Brahmaebari's Wari and its 
temple and sacred tank w^ere submerged to a depth of over 10 feet and 
almost utterly destroyed ; while the deserted tow’n w^as also practically 
left in ruins. 

At the moment of writing the entire district is on the verge of drought 
there being only one small well at the bottom of the talav on the S\V. 
side of the town, w^hence a poor supply of slightly muddy but potable 
water is available. To remedy this among other greater evils, ought 
not to be either a costly or a diff.cult engineering feat ; — a feat that would, 
of course, entail the reclamation of the Great Salt Marsh. 

Such a project it is needless to note, would, upon its completion, 
immediately revolutionise the Revenue Department of the State. It 
would involve the damming of but a few^ creeks and minor outlets in tlie 
shorelands, and the construction of a controllable s\’stem of reservoirs 
and canals, and improvement of existing water courses inland. The re- 
claimed land, although largely, saliniferous, is already rich and deeply 
soiled enough, to be rated, as soon as available, at a premium for market - 
garden produce and quick returns ; whale heavily paying crops, such as 
those of the Sisal Hemp, would grow and flourish on the soil just as it is, 
to prepare the way for cereals and cotton -growing grounds. Cocoanut 
and other fruit trees would naturally be established as a matter of course. 

In anticipation of a long, wearisome and nugatory journey, tents 
were struck at Kadach at 5 a.m. on the 24th instant, with a view to 
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examining the untraversed areas N. of Kadach and E. of the Great 
Salt IMarsh as far as the village of Mitrdla. Considerable difficulty was 
experienced upon nearing the proposed destination, by reason of the 
numerous impassable though dry watercourses, which rendered frequent 
detours imperative. The first serioi^ obstacle to be encountered, 
but not capable of being overcome, was presented the river Bhddar, 
about miles SSE. by SE. of the town of Bhdd. The stream was 
full of salty-water, and although there was a ferryboat available at 
‘‘ Kundli-ka-Tar/’ as it is called, it would have taken up more time 
than could have been spared to take advantage thereof, so as to reach 
Mitrala before the close of the day. It was also noticed that the women 
of Bhdd were busy on the river terrace digging pits from which to scoop 
out water for domestic wants ; — such water, of course, being fairly well 
freed from brackishness by a process of natural filtration. 

It was therefore deemed necessary to take the E. cart-track to Jamla 
and then XNE. to Chatrdwao, both in Junagadh territory, and to there- 
after cross the ford of the Bhddar westward into Porbandar State, by 
exceedingly rough and circuitous by-ways, to eventually reach Mitrdla; — 
which is situated only one mile distant from the boundary. On arriving 
at Mitrdla, no suitable spot for a camping ground could be found, and 
the women of the village were seen trooping with head-poised water- 
vessels to the neighbouring village of Delodar. Hence it was resolved 
to pitch the camp at the last-named place ; and night had fairly set in 
before tents could be got ready for occupation. 

Shortly after leaving the stone-strewed plain to the X. of Kadach 
the ground gradually assumed a thoroughly alluvial character, as far 
as the eye could reach on either side of the XXW. roadway. Not a 
vestige of stone could be discovered outcropping through the alluvial 
deep-grey deposits, X., S., E. or but it may be presumed that those 
deposits directly overlie beds of the Dwdrka Group of arenaceous 
limestone. The towns and villages ; — Garci, Bhad, Mitrdla and Delodar 
are, one and all, built upon mounds of alluvium, which, suffering pitifully 
at present from an insufficient water-supply, are, during the monsoons 
literally deluged almost beyond endurance; — for, it was elicited, at 
Delodar, as a ‘ case -in -point,’ that the inhabitants are annually held 
prisoners in their homes for a montii or so by the encircling floods of 
water ! The exceedingly poor ' haul ’ of only a couple of specimens 
for the State Geological Collection was consequently secured during the 
stay at Camp-Station Kadach as follows 
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Date. 

tered 

No 

Provisional Name. 

Locality and Remarks. 

22-4-16. 

! ,30. 

] 

i D warka -limestone . Pompact . 

1 Soft, Ruddy ; in tflick Flags. 

Babudi Khan 1000 yards. NE. 
by ENE. of Kadach 

22-4-16. 

506 

j 

jConsolidated Fo.ss]liferous Con- 
1 glomerate. Very Riibbly 

Underlying oOo at depth of 10 to 
1.5 feet 


Camp-Station XXn.—Delodar. 

By side of Talav. loo yards E. of the Village, 

P orbandar’s Great Salt Marsh or Waste, — which is annually 
flooded during the SW. monsoons by the influx of sea-water from 
the open ocean on the west, mingling with the fresh surplus drainage of the 
uplands at the north and from the east — is projected on the sheets of The 
Indian Atlas ' of the Great Trigonometrical Survey, like a gigantic Amoeba 
taken from the pages of a text -book of zoology, with its nuclei and 
vacuoles represented by stony eminences, and its pseudopodia extending 
in all directions, but principally branching south-eastwardly. 

During the dry season, the bottom of this vast pond is revealed 
in form of an extensive barren plain, more or less deeply covered by 
deposits of saliniferous, but otherwise, richly fertile dark-grey alluvium, 
which, without its branching diverticula, may be roughl}^ estimated 
to occupy an area of more than 8o square miles. There is likewise 
evidence to show, that nearly the whole of the State territory to the 
south-east of the Great Salt Marsh must have been included within 
its far-reaching limits, and this statement can perhaps, be nowhere 
better exemplified than by an examination of the countryside sub- 
centralised around and about the village of Deloclar. 

Although not so rich as ‘ regur ’ or decayed v^oicanic material, 
the deeply deposited alluvium, naturally reclaimed during the past 
few centuries, by reason of the gradual elevation of the land, is yet 
fertile enough to yield large and profitable crops of cotton, cereals, market- 
garden produce and fodder for cattle ; but the agriculturist is heavily 
handicapped during the few months preceding the rains by a woeful 
lack of water ; while during the rains, he gets ‘ too much of a good thing/ 
At Delodar and for many miles around, there are no well-shafts ; simply 
because, by digging through the alluvial deposits to the lower under- 
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ground water-level at 15 feet or thereabouts, brackish, if not quite salty, 
water is invariably met with. The villagers are therefore entirely 
dependent upon their talavs, (for potable water) which, as the days go by, 
become desiccated. When that happens, — as at the present moment,— 
all that can be done, is to dig down to a limited depth of not more 
than 10 feet, to catch the remnant of the fast subsiding surface water 
before it percolates to saliniferous depths. At the bottom of the Delodar 
talav, there are at present half-a-dozen small pits, each about 10 feet 
deep, with puddles of from two to three feet of fresh but muddy water 
in them. These pits are thronged from dawn till dusk by a succession 
of women and children, who come from near and far to fill their drinking 
water vessels ; and, as most ot them quaff the dirty water without filter- 
ation or even allo\^^ng the impurities to settle down, so as to draw off 
the purified supernatant liquor, it is stated that much preventable 
disease becomes rife during the dog-days. 

An examination of the talav deposits, as typical ot the entire country- 
side, showed an alluvium of marly dark-grey clay, crowded with the shells 
of estuarine and marine molluscs : — Osfrea^ Cardium, Tellina, Cerithiimi ; 
added to which are local freshwater forms , — Paludina and Cydas, 
and a land shell or so. These deposits indubitably show that they must 
once, probably within historic times, have been formed by the agency 
of the then far more extensive Salt Marsh, and that like the sediments 
of the latter, they rest upon a substratum of Dwarka limestones. Sam- 
ples of the deep layer of sunbaked mud forming the bed of the Hugh 
Vokala, (branching off from the Bhddar River, and which discharges 
into the Great Salt Marsh 1, were collected for future detailed exarnination 
in the laboratory, and provisionally found to be composed of very finely 
divided matter, showing no trace of organic remain^, and closely cracked 
into angular, indurated fiagments by prolonged sun baking. 

From Delodar as a centre, the westward quadrant of countryside, 
for a radius of nearly six miles, is traversed by no less than half-a-dozen 
branching and sub-parallel rivers with the wide channel of the perennial 
Bhddar to the South, and the expanded, shallow mouth of the Minsar 
at the north ; thereby constituting an extensive riparian delta opening 
out into the Great Salt Marsh. On the 26th instant, the highways 
and by-way^ of this extensive area were rapidly covered, frequently 
over pathless land, to avoid deep ditches and stream beds, and it was 
observed that the whole of the ground consisted of deep depGsits|of 
principally i’lVbhwater alluvium, very largely under preparation tor 
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cultivation. The local agriculturists state, that seed is not sown until 
the monsoon floods subside : but that germination and growth in the 
fertile soil is very rapid, so that the staple produce of cotton and cereals 
amply repays for risks that sometimes become serious. 

Plentiful and continuous supplies of water for irrigation in this 
part of the State, it is admitted, would speedily transform the great 
tracts of land into prosperous farmsteads, and it is therefore suggested, 
that by the construction of a series of strong dams across places of vant- 
age on the principal watercourses, and locked channels ot intercom- 
munication between the reservoirs thus constituted at different levels, 
so as to provide for adequate circulation and prevention of stagnation, 
the surplus monsoon freshwater could be conserved and controlled in 
such a way, as to effectually put an end to disastrous periodic floods 
and turn the water-supply thus acquired to good and profitable account. 
This would indeed be a first step towards the complete and speedv 
reclamation of land already being very gradually restored by the agenc^' 
of natural elevation. 

On the 27th instant, tents were struck at 6-30 a.m. and the camp 
was transferred to the town of Kandoma, which it will be remembered, was 
formerly, — for a couple of da\^s at the end of July, 1915, — made a centre 
of observation. Needless to note, the ground covered had not been 
traversed before, and although nothing of importance was anticipated, 
the criss-cross-country course taken, was adopted for the purpose ot 
fixing the geological boundaries of the outcropping and their underlying 
strata as accurately as possible. 

From Delodar to Erda, the ground was found to be deeply alluvial, 
and presumably resting upon the fast vanishing beds of Dwdrka lime- 
stone ; but on reaching Pfidardi miles farther N\V. tlie alluvium of 
the Great Salt Marsh on the westward side of the village was observed 
to be blowm by the prevailing winds in form of a ver\' fine, almost im- 
palpable sand of a dark-brown colour, into a kind of inland dune, and 
arrested in a succession of closely-set mounds, like yoches moiitomices, 
by tufts of hardy grass struggling for a bare existence. 

About 1 1 miles M SW. of P^dardi, the large and important river 
Minsar, shallowed down considerably and embanked by only from 2 
to 3 feet of alluvium, widens out into a channel of nearly a-quarter of 
a mile in breadth before discharging into the Great Salt Marsh, and 
offers thereby a substantial nucleus, for the construction, by damming, 
of a very extensive freshwater reservoir, which could be maintained as 
such by deepening, rip-rapping and finally by stone and cement lining 
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to conserve the enormous floods of pure mountain water brought down 
and annually allowed to go to waste. To minimise losses by evapo- 
ration and percolation the stone and cement lining of the lower portions 
of the reservoir ought to suffice : but in order to prevent putrefaction 
as the season advances, the conserved water ought, of course, to be 
kept aerated by circulation. This can best be done at the outset by 
means of a few effluent locked canals made to flow into smaller reservoirs 
at lower levels ; but the time would eventually come, (when means 
accrue through vastl}^ improved irrigation), for the installation of an 
adequate pumping-station, with ram ifirat ions to the remotest parts 
of the State 

At Pddardi itself the alluvium immediately west of the village, 
is no longer underlaid by Dwdrka limestones, but rests directly upon 
much decayed bedded-lavas of the Deccan Trap Period. This is clearlv 
shown by a well-shaft at the bottom of the ialav on the W. side of the 
village, which at a depth of lo feet yields, at present, a poor supply of 
brackish water, oozing out from beds of much decomposed, zeolitiferous, 
amygdaloidal lava. The E. side of Padardi village assumes quite a 
different character ; as the highly decomposed bedded-lavas are exposed 
at the surface and probably reach down to the abysmal depths of some 
liundreds of feet. 

Progressing N. by NNE.. the surface of the ground maintains its 
volcanic character up to Kerala and thence eastward for about | mile 
to the boundary of the State. Towards the S\V. side of the village 
there are deep deposits of detrital matter closely similar to those of the 
Great Salt j\Iarsh alluvium ; while the two big wells at the bottom of 
its adjoining ialav yield such brackish and partially stagnant water, 
at the present time, from depths of 15 to 20 feet, that the inhabitants 
are obliged to dig small pits into the detrital soil to salve a meagre supply 
of muddy water of questionable wholesomeness for domestic needs. 

From Kerala, the broad acres of fertile volcanic soil stretching to 
Bnpodar WNW., were next carefully examined, fortimately by the help 
of a few newly sunk well-shafts, and the ground was thereby shown to 
be composed of deeply decayed bedded-lavas, a curiously altered pur- 
plish variety of which, from the compact zone, was collected at a depth 
of 12 feet from the surface, where the rock commences to disintegrate 
into rubbly subsoil. Westward of Bapodar, as already noted the ground 
gradually gets covered by alluvium. 

Eastward of Bdpodar, for a distance of a trifle over 2\ miles, to the 
boundary old-site of Asiawadar, the surface of the land becomes gradually 


12 
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more plainly, volcanic by reason of the increasing freshness of the 
exposed beds of lava ; but, on the north-eastern track towards Kandoma, 
sure signs, of the near presence of miliolite deposits are to be seen in the 
ever increasing fragments of that stone which bestrew the ground in every 
direction ; until the deposits themselves encrust the surface in thick beds 
of obliquely laminated stone upon which the large district-town is built. 

Specimens secured for the State Geological Collection from Camp- 
Station Delodar are as follows : — 


! 

Date . 

Regis- 

tered 

No. 

1 

1 Provisional Name. 

Locality and Remarks. 

25-4-16 

507 

Marine and Freshwater 
Shells from Alluvium. 

Recent Bottom of Talav. E. end of Village 
of Delodar. 

25-4-16 

00 

0 

Alluvium. Sunbaked Deposit .. Bed of Hugh Vokala, S. of 

1 Delodar. 

27-4-16 

! 500 : 

Decayed Amygdaloidal 

La\a. W. side of Padardi. Bottom ot 


I Underlying Alluvial Soil. 10 ft. deep well Sshaft in Talav. 


27-4-16 


olO Altered Lava of the Compact or ! mile WNW ot Kerala. Bottom 
! Middle Zone. j of 12 fl. deep new welUshaft. 


Camp-Station XXIIL— Kandorna. 

Distyict Bungalow, N. Oiifskiyls of the Town. 

TTJ'ith the exception of the small area of countryside surrounding 
T T the route XNW. by XW from Kandorna to the village of Aniali, 
the whole of the State lands in the neighbourhood of this Station of obser- 
vation have now been fully examined and reported upon. It being close 
upon the end of the month however, it was decided to make the District 
Bungalow at Kandorna a temporary halting place rathe]: than a centre for 
observation, with the two-fold object of sending the clerk to headquarters 
for the purpose of adjusting monthly accounts, and of affording the 
writer an opportunity for piecing together the evidence gathered con- 
cerning the geological structure of the entire coastal borderland of the 
State, for publication as a “Third Quarterly Report,'' which would 
otherwise lack completeness. The work of the “Third Quarterly Report" 
now being actively compiled will be continued during the absence of the 
clerk, until his return to Kandoma on the 3rd May, 1916, when the 
camp will be removed to Khambala in the Barda Group of hills. 
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DIGEST OF DIARY. 

May, 1916. 


EOLOGiCAL OBSERVATIONS in the immediate neighbourhood of 
Random a having been completed upon a former occasion (towards 
the close of July, 1915), it only remained to cover some of the same 
.ground for the purpose of securing, if possible, better specimens of the 
compact stone of Dhanak Dhar, and to take a few photographs on 
the banks of the River Minsar, which here exhibits the false-bedded 
miliolite base resting upon an earthy conglomerate full of fragments of 
black stone. This work was done on the 27th April. 

At the end of the month the clerk of the Department was sent to 
lieadquarters for the purpose of adjusting the monthly accounts, and 
a few free days were thus secured to the writer and fully utilised in the 
quiet well-kept District Bungalow, at Kandorna, for the compilation 
of his Third Quarterly Report ; — a duty involving much time and labour 
in piecing together the evidence, just gathered in its entirety on the 
geological structure of the coastal borderland of the State. 

On the 5th May, the camp was transferred to the breezy heights 
of Khdmbala on the south-eastern flanks of the Barda Hills, which is 
best approached along the vale of the Dhangawa Vokala, a tributary 
to the River Minsar. The journey thence was taken across hitherto 
untraversed ground from Kandorna to the small village of Aniali ; but 
nothing of any consequence could be recorded save that the surface 
of the land grew rough and rutty from the presence of coarse miliolite- 
base beds resting upon concretionary and conglomeratic layers, overlying 
the bedded-lavas of the Deccan-trap Period. These miliolite beds 
occasionally rise into low, narrow ridges, which obstruct the straight 
courses of the country cart-tracks, notably at about i| miles XNW. 
by N\V. of Kandorna, f mile farther N., and about i mile SE. of Aniali. 
From Anidli to Bordi, the formerly traversed cart-road was followed 
NNW. past the divaricating eastern spurs of Cocahia Dhar, and thereafter 
WNW. along the S. bank of the Dheingawa Vokala which sweeps around 
the S. and W. ends of the village of Bordi, where it is spanned by the 
Railway-bridge. 

New ground remained to be investigated between Bordi and Kham 
bala ; and, to that end, the crescentic NW. by WNW. route was chosen;- 
mainly over rough, solid, stony ground formed by the truncated columns 
of coarse, tough granophyre, which every here and there emerge in the 



clxxx 


Economic Geology of Porbandar State 


form of mounds of huge boulders and isolated pillars that have best 
withstood the ravages of time. It was therefore with some difficulty, 
in the absence of prospecting appliances, that only tolerably fresh 
samples, sufficient to indicate the precise characters of the stones, could 
be secured by dint of perseverance with sledge and trimming hammers ; 
and for these and similar situations throughout the Barda Group, it 
may be noted that nothing short of diamond drilling and blasting can 
possibly avail, if perfectly fresh and sound samples, ix ., — samples that 
are not decayed by atmospheric agents or altered by monsoon conditions 
and sunbaking, — are wanted. 

Samples of a light grey -brown, coarsely- textured but very tough 
and strong granophyre, were gathered from an eminence of boulders 
and pillars, protruding boldly from the surface of the ground, about 
if miles N\V. of Bordi, as a site suitable for quarrying operations, within 
reasonable distance from the Railway-line. The stone at the surface 
although weathered and full of miarolitic spaces and products of alter- 
ation and decomposition, has been sunbaked to a high degree of hardness 
and is yet tough enough to be broken into an angular shingle of gauges 
suitable for high-grade road-metalling. By blasting, it is more than 
probable, that an intensely tough, grey granophyre, in blocks of very 
large sizes adapted for building the piers of bridges and for dock and 
harbour construction could be readily extracted. 

At the present moment, the siter> in this, and the neighbourhood 
of Bordi, offer good opportunities for the introduction and development 
of a particularly large and varied series of massive stones of the grano- 
phyre and kindred types ; — but cartage conveyance, even as far as to 
Ranawiio Station, would l^e prohibitory. As a case in point, it may be 
noted, that a particular sample of finely-textured, light -grey granophyre 
from Cocachia Dhdr near Bordi was specially desired for road-metal 
by the Chief-Engineer of Karachi Municipality, who offered Rs. 5 per 
ton for partially broken boulders, f. o. b., at Karachi. It was found, 
that although massive stone from the vicinity of Rdnawdo Station 
could be profitably quarried, entrained and shipped to Karachi at the 
price offered, the excess for cartage from Cocachia Dhar to Ranawao 
Station would bring bare expenses up to a trifle more than Rs. 7 per 
ton ; — the consignment could not therefore be sent. 

As many other favourable quarry-sites exist in the immediate 
neighbourhood of Bordi, on the N. side of which the Railway-line passes^ 
it is here suggested that a loading platform, if not a permanent Station', 
should be opened without delay at the village. 
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Passing northward for about | mile, a couple of hills rise prominently 
from the upland plain, approximately 2 mile NNW. of Bordi, the highest 
of which is 435 feet above the seadevel. These elevations, as parts 
of an outlying ridge running northward along the boundary of the State, 
and locally known as Jaderra Dhar, are composed of a coarsely textured, 
white granophyre, which acquires a rusty colour by exposure, and is 
intensely tough and difficult to break. The surface stone however 
is deeply decayed, but there can be no doubt, that large supplies of big 
blocks of sound material could be readily secured by excavations on the 
hillside slopes. Farther westward, in the direction of Kh^mbala, the 
same stone, much decayed and full of alteration products, has been 
desultorily dug out of the ground ; and being so far decomposed as to 
become comparatively soft and easily tooled has been used for making 
small bridges and in embanking a waterway leading towards the 
village of Kh^mbala. 

A tedious up-hill drive, past new and old Khambala, along the 
base of the great dam of the Khambala Talav, and thence by a circuitous 
cart-track, led to the State Bungalow, which was selected as a centre 
for observations. The specimens collected were duly trimmed, packed 
and registered as follows : — 


i 

Date . 

1 

Regis- 

tered 

No. 

Provisional Name. 

1 

1 Locality and Remarks. 

5-5-16 j 

i i 

’ i 

oil ! 

1 

Light Grey -brown, Coarse- 1 

textured Granophyre. 

Low Eminence. Roadside Sur- 
face. IfniilesNW. of Bordi, 

5-5-16 j 

512 ;White Granophyre. Closely 

j Resembling No. 72. 

Jaderra Dhar. Two Outliers 

2 miles NNW. cf Bordi. 

5-5-16 * 

513 ! 

1 

Altered Granophyre of Character 
like 512. 

Surface Excavations, 300 yards 
W. of 512. 


Camp-Station XXIV. --Khambala. 

State Bungalow, Summit of Dhori Dhdr. 

P erched on a platform at the summit of a moderately high hill 
called Dhori Dhar, about half-a-mile south of the present village 
of Khambala, the bijou State Bungalow, although built almost to 
the points of the compass, is sheltered on the east by the slightly 
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higher hill, Chagaro Dhar, 557 feet above datum ; and on the SW. by 
the range of heights stretching towards Ranawao. Nevertheless, as the 
veranda and small portico-frontage faces \V., presumably for the sake 
of the widest view of the ialav amid its amphitheatre of hills, it catches 
the direct rays of afternoon sunlight and nearly the full force of the 
prevailing SW. wind. 

During the month of May, and presumably throughout the dry 
season, the bottom of the broad hill -bound valley, presents an arid area 
of equilateral triangular form, with sides of about 1} miles in length. 
The apex of this space points toward the State Bungalow and its consort 
hillock called Gadhia Dhar, some 6 or 7 hundred yards to the NW., 
and has been closed by a liigh earl h-and-s tone dam, to form a great 
reservoir for the monsoon surface drainage, known as the Khambala 
Talav. 

Khiimbala Talav is at present practically dry, save tor a couple of 
fairly deep patches of water at either end of the high embankment ; 
and into these pools there run the channels of two streams, the smaller 
of which called the Vasara Vokala, receives the drainage of the hill- 
slopes on the S. and S\\\ sides of the valley ; while tlie much larger 
watercourse collects the rainfall of the runnels on the N, side of the 
talav, and, as Vijfaria Jhar, has its source in the heart of the hills, along 
the vale of Sitlivirda Nes and beyond, for fully three miles N\W of its 
affluence into the ialav. Along the northern portion of the ialav and 
piercing beneath the high embankment, the stream, now known as the 
Vijfaria Vokala, wends its way north-eastward through a fertile highland 
dale to add its waters (locally called the Thorania Vokala) to the greater 
channel of the Bileshwari Vokala, 500 yards or so E. by ENE. of the 
picturesque village of Asiapat, which stands by the cool banks of the 
usually perennial riverside, miles W. of the boundary of the State. 

These geographical details have here been entered with a view to 
the proper appreciation of the somewhat intricate structure of the 
countryside ; — charming and productive enough along its well -watered 
rocky slopes, but barren to the point of desolation at tlie summits and 
plateaus of its sub-cent rally situated groups of high hills, where the 
vegetation at this season is represented by diy grasses and stunted 
growths of the Ran tree, Mnnusops hexandya, and a few clumps of the 
Male bamboo, Dendrocalamus ^trictus. In some of the valleys, however, 
where a deep soil of felsitic sand is developed, many excellent fruit trees 
thrive ; — ^notably the Mango, Mangifera indica ; the sweet Karaunda, 
Carissa Carandas and the Jungle Jdmbu, Eugenia lanceolata. 
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At dawn of day, accompanied by four villagers from Khambala 
an excursion on foot was taken over the hills, on Sunday the 7th instant, 
for the purpose of recording the geological structure of the centrally 
situated elevations to the W., N\V,, and N. of Khdmbala. 

Descending from the Bungalow to the dry bottom of the talav 
near by the foot of the high embankment, the deep pool of water there 
situated was found to be quite green with the zoospores of freshwater 
Alg<2 ; while numerous birds were observed feeding on the fish and 
water-weeds ; conspicuous among which were large assemblies of the 
Painted Stork, Pseudotantalus leiicocephaliis ; many large and small 
Egrets, Herodias intermedia and H. ^arzctta, some still retaining their 
dorsal plumes ; a few Little Cormorants, Phalacrocorax javanicns, the 
slightly rank flesh of which is sometimes eaten ; and a wild duck or two 
among which the Shoveller, Spatula clypeata, was identified. 

True lacustrine deposits are seldom met with in the practically 
lakeless Province of Kathiawar ; but the Khambala Talav, notwith- 
standing, furnishes tolerably typical samples, of sub-recent and Recent 
sedimentary accumulation, that are worthy of more than a passing 
notice. The bottom of the dry talav exliibits a thin layer of detrital 
felsitic sand, derived directly from the disintegration of the rocks of the 
mountain-massive ; and this sand is crowded with myriads of the dead 
turreted shells of Potamidts many of which bear traces of a thick perios- 
tracum. 

Sundry small well-shafts, as well as the 15 to 18 feet \V. scarp of the 
Vijfaria Vokala, — hard by where the mountain -rill enter the talav , — 
disclose the nature of the underlying lacustrine deposits ; which have 
accumulated to the maximum depth of about 15 feet, and are composed 
of alternating layers of spongy and shaly grey-coloured, sandy and 
marly-clays, bearing the remains of the small .freshwater shells noted 
above. Samples of these deposits were secured for future laboratory 
examination. 

One mile to the west of the talav embankment, where the gorge 
of the Gelanser Dhar forms the mountain stream-bed of the Vijfaria Jhar 
the rapidly rising uplands, in a succession of mounds and ridges, has 
been made the dwelling place of a band of shepherds whose circular 
stone huts with grass -thatched conical roofs lend a curiously picturesque 
aspect to the scene, with its bold background of lofty hills. This perma- 
nent shepherd’s camp is knowTi by the name of Khara Vird Nes ; and 
it is commonly believed that the great west scar of Gelanser Dhdr which 
towers above, was the work of the God of the lightning and thunder," 
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a kind of Hindu Zeus, — who sent his fiery darts to rive the hill asunder 
Be that as it may, the beetling cliffs of the scar on the western side of 
the mount a in -pass, affords a very fine illustration of columnar jointing 
on a large scale ; the rock itself being composed of an exceedingly tough 
texture of the granophyric type. The pathway on the eastern side of 
the gorge is steep and often narrow, but yet sufficient to afford a foothold 
for camels and pack-ponies ; but, following the course of the stream 
a wide valley ere long is reached at another shepherd’s camp-village 
called Sathvirda Nes, where a small State Bungalow, very poorly furni- 
shed and State Police-quarters have been established. 

Sathvirda Xes lies approximately 2| miles NW. by WNW. from 
Khara Vir^ Nes, and its scattered huts are clustered around the valley of 
the Vijfaria Jhar on ridges above the reach of the swollen stream during 
the rainy season. These ridges, and indeed the slopes and summits of the 
numerous hills around and about, are composed of exceedingly tough 
and strong grey gran ophy res of medium to coarse textures ; but per- 
fectly fresh specimens are difficult to get, on account of the prolonged 
weathering to which the surface stone and detached boulders therefrom 
has been subjected. Some of the huge vertical columns exhibit spheroidal 
shrinkages on a gigantic scale ; and when, after ages of exposure, the 
spheroids become detached and fall out, large circular chambers are 
left patent in the sides of the columns. Spheroidal shrinkages, however, 
are not so frequent in these centralised coarsely grained rocks, as in 
the spurs and outliers of the group of hills. Occasionally, dyke-like 
structures may be observed traversing the main massive, and are con- 
spicuous by reason of their closely set transverse joints, which give 
rise to a coarse kind of cleavage. 

From Sathvirda Nes a general survey of the surroundings disclosed 
the fact that the assemblage of hills which form the core of the group, 
offer but scant variety either in the texture or the mineral composition 
of its rocks, which may therefore be classed together as medium to 
coarse-grained gran ophy res. These rocks constitute the main masses 
NNW. for a couple of miles past the old sites of Vijfaria Nes and Thori- 
Virda Nes right up to l^oriar Nes at the boundary of the State ; and 
also stretch westward to Malak-na-Wao, and the summit of Suli-na-Pani, 
T mile farther NNW., which rises to the height of 1,438 feet above the 
level of the sea. The flat summit of Malak Dun gar, | mile SSW. of 
Suli-na-Pani, must likewise be included in this category ; although its 
westward spurs, which were formerly examined* exhibit variations 


* On 23r(i and 25th November, 1915. 
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which were duly observed and recorded ; — many of them being of dis- 
tinct economic value, and one, near by Godhana, revealing the rare 
structure known to petrographers as orbicular. 

To avoid covering ground already just traversed, the return 
journey from the confines of the State around Sathvirda Nes, was made 
along craggy by-paths over the hills to the NE., in the direction of 
Chiimodra Nes, and after crossing a small plateau surrounded by the 
summits of hills in this sub-central region of the Barda Group, a SE. 
track was followed, leading to the W. side of Hathia Dhar, — so called 
on account of the fancied resemblance to an elephant couchani, from 
whence an easy descent was made to the talav by the side of the isolated 
conical hill called Gadhia Dhar, and thence along the top of the high 
embankment to Dhori Dhdr Bungalow. 

On the morning of the gth instant, the tents having been previously 
sent to Asidpat, the journey thence was taken along a roundabout route 
for the purpose of examining the hill-spurs and outliers to the SE. of 
Khambala, which had not hitherto been visited. A halt was called 
at the village of Khambala, which is built upon the denuded tops of 
great columns of granophyre of medium to coarse texture, forming a 
hillock called Kari Dhar, which is in reality a small spur extending 
northward from Chagaro Dhar situated just behind the Bungalow. The 
stone of this spur has been deeply weathered and sunbaked ; but is yet 
quite tough and strong enough to yield an abundance of tolerably good 
and durable road-metal. The effect of weathering has been to bleach 
the mineral units and render them soft and friable, while the counter 
influence of sun baking of the hydrated mass has been not only to harden 
the altered texture, hut to create sundry small spaces within its sub- 
stance by shrinkage ; and these miarolitic cavities invariably become 
the seat of development of many small secondary crystals and curious 
alteration products. In such situations gems are sometimes formed. 
The original fresh rock, which can only be obtained by drilling and blast- 
ing, i^ without doubt a grey granophyre of the best quality for positions 
where great strength of materials is indispensable. 

Passing south-eastward along the rough and rutty cart-road fiom 
Khambala to Ranawao, at a distance of if miles from the last-named 
village, an eastward spur from the mountain massive stops short of the 
W. side of the roadway in form of a low hillock of exposed columnar 
rocks and spheroidal boulders, locally known as Fakada Dhdr. By 
reason of furnishing a good site for quarrying operations coupled with 
its proximity, — if miles NW., — to the Railway-line at Bordi, the stone 
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here available in abundance, is worthy of special attention, as it con 
sists, even at the surface, of a fairly fresh, compact and sound, mottled, 
blue -grey grancphyre capable of yielding large blocks suitable for 
dock and harbour construction ; while the wastage would constitute 
the best -possible of high-grade road-metal extant. 

On the opposite or ENE. side of the roadwav, another small emi- 
nence, barely noticeable as such, is covered with broken blocks of quite 
a different character, and can be traced to form the westward sloping 
spur of an outlying hill near by, called Ladha Dhar, which rises appro- 
ximately 1 1 miles SE. by ESE. of Khambala. The stone of the basal 
spur appears to be in a perfectly fresh and sound condition with but 
few rifts and weathered dislocations ; but the summit rock shows signs 
of being deeply decayed, being quite fissile at the surface. When blasted, 
however, there can be no doubt that an enormous supply of thoroughly 
sound material would be yielded of a distinctly ornamental character, 
essentially similar to the so-called incipient orbicular granophyre, 
No. 34, of the Adatiana Heights near Ranawao. 

From Ladha Dhdr the cart-road due north was taken to Bileshwar, 
past the already traversed region of jaderra Dhar and a succession of 
low outlying ridges of more or less deeply altered granophyres, typified 
by the coarsely textured whitish stone SSE. of Bileshwar and the similar 
but more finely-grained rock to the immediate WNA'N'. of the village 
of Asiapdt. 

Samples secured for the State Geological Collection were duly 
registered as follows : — 

j Regis - 

Date. stored Provisional Name. , Locality and Remarks. 

1 No. 1 


G-5-1G 514 

(>-“5—1 (> 515 

7-.>-l(> 516 

7-5-16 517 

7-5-16 518 


Alluvial Depo:sit. Sunbaked. .. Dry Bottom of Khambala Talav 

Concretionary and Shaly Allu- Fuderlyiivj; 514. N\V. end of 
vial Lacustrine De[K>^its Talav Opposite Bungalow. 

Orey-brown Ciranophyre Extra- Bed of Vijfaria Jhar. 600 yds 
toucjli and strong NNW of Khara Vira Nes. 

Altered Granophyre White. Pink Same stone and from same site 
and Miurolitic. 516. 


Pale Grey Ciranophyre. 


. . Ba>e of Crags, Vijfaria Jhar. 
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1 

1 Regis - 
Date, j tered 

1 

Provisional Name. 

Locality and Remarks. 

1 No. I 

1 

1 



7-5-16 ' 519 

i 


7-5-16 

J 520 

j 

7-5-16 

521 

1 

7-5-16 1 

1 

522 

7-5-16 ' 

523 

7-.5-1G 

524 

0-5-16 : 

1 

525 

1 

9-5-16 { 

52G 

0-5-16 1 

527 

9-5-16 ; 

52S 

O-.T-IG 

529 

9-5-16 j 

1 

530 

9-.V16 1 

531 


jFelsitic Sand from Cuar^o PM.'d of Vijfaria Jhar, \ m. ESE. 

j Granophyre. of Sathvirda Xch. 

lOrey Granophyre. Medium- Hill-«;ide Spur 500 yd'- ENE of 

I textured, Tough and Strong Sathvirda Nes. 

Much Altered, Cleaved, T)yUf“- Plateau, 500 yd'.. SSW of Hathia 

I rock T>har 

iGranophyric-felsite Sliebtly Sun- of Cladhia Dhar. 1,000 yd-^ 
baked to Purplish grey NXW of Khambala Bungalow 

Granophyric-felsite Fresh, Pale, Base of Dhcui iJhar State Bunga- 
Blue-grey low Hill, Khambala 

Cleaved Granophyric-feKite Pale Summit of Phori Dhar State 
Blue -grey. Bungalow Foundation. 

pWhito CTranophyre Altered by S side of Khambala Village. 
Prolonged Weathering Hill-spur called Kari Dhar 

j Highly Altered Granophyre . . Same Rock and Site as 525 

jLi£;ht-grey Granophyre Good Fakada Dhar, 1^ milea SE. of 

' Quarry Site. Khambala and 1^ mile^ XW. of 

Bordi. 

Spherulitic Granophyre . . . . 2o yds. EXE of 527 

Spherulitic Granophyre Weathers Summit of Ladha Dhar, 1^ miles 
into Flakes. SE by ESE of Khilmbala 

Coar.ve. Whiti'h Granophyn Surfai e OutlyinL' Low Ridue- 
Partially Altered "pur fK>0 ycL. SSE of Biles h- 

war 

Fine, Grey Clranojihyre Much Surfaer- of Outlyintr Spur, 5(i0 yds 
Decom]>0"ed Supi-rficially, WXW of A'inpat. 


Camp-Station XXV.— Asiapat. 

Bank of Bilcshiiari Vokala, lOO yards S. of the Village. 

C HARMiXGLV siTCATED on tile N\\'. bank overhanging the 
waterside of the sparkling, mountain -fed stream called the 
Bileshwari Vokala, the village of As hi put, built uprm a foundation of 
huge truncated columns of granophyre and fringed on its southern 
aspect bv a deposit of the miliolite-base. was cho^jcn as a centre for final 
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observations on the geological structure of the central and eastern 
group of the Barda Hills comprised within the boundaries of Porbandar 
State. 

Tents were found pleasantly pitched under the shade of a venerable 
mango tree, within a stone's throw of the rippling stream, at noontide 
on the 9th of May, and everything having been got into good working 
order, the succeeding couple of days were devoted to the compilation 
of this report from the diary and field note-book ; while arrangements 
were likewise made for a long excursion on foot into the heart of the 
hills " rising to the respectable height of 1,148 feet on the WNW. 

At 7 o'clock on the morning of the 12th instant, a couple of bullock- 
carts and 4 men, as guides and coolies, accompanied the surveying party 
north-westward along the uneven track skirting the N. bank of the 
Bileshwari Vokala, gradually running dry. The scarp on this N. bank, 
descends sheer down for 17 feet to the bed of the stream, which runs 
over the shorn- ends of gigantic columns of coarse granophyre, covered 
at the scarp-top by a crust of miliolite, full of fragments of the mountain- 
massive on which it rests. The S. bank of the stream shelves gently 
upwards as a stony terrace, largely clothed with a kind of leguminous 
tree, Pongamia glabra, which is accounted to be valuable for the pre- 
paration of '' Indian Pearl-ash." The dry ledge of a water-fall hard 
by, looked as though good specimens could be easily detached from the 
angular edges presented temptingly to view ; but when the sledge 
hammer was brought to bear upon them, nothing save weathered samples 
could be secured. 

It was specially observed that the miliolite deposits, — denuded down 
to their very base, and appearing as mere crusts of stone full of grains 
and fragments of the mountain -massive ; sometimes overlying the 
ancient subsoil layers of the latter, and at others resting directly upon 
the solid- rock in all its pristine freshness, — assume, along the valley of the 
Bileshwari Vokala and its surroundings, a level varying from 247, at 
Bileshwar Village, to nearly 300 feet above datum. These facts lend 
additional and strong support to the conclusion that the Pleistocene 
sea must have submerged the entire region around the Barda Hills 
to the miliolite limit -mark of what is to-day 300 feet or so above the level 
of the sea. The fiat plain stretching eastward, with occasional out- 
crops of outlying ridges of the mountain -massive, is deeply overlaid 
with detrital felsitic sand and earth, but nevertheless strongly sugges- 
tive of the presence of the older series of bedded-lavas of the early part 
of the Deccan-trap Period, through which the later hypabyssal rocks 
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were thrust. This is indicated by the practically horizontal patches 
which lie between the hill-spurs, surround the outliers of the mountain- 
massive and become continuous with the plains of bedded -lava of the 
countryside beyond. 

Ascending by a steep foot-path to the base of the lofty hill called 
Babia Dungar, the summit of which is situated nearly 3 miles WNW , 

‘ as the crow hies,' from Asidp^t, the entire mass of the great core of 
the Bardas, of which this forms a fractional part, appears to be consti- 
tuted by a coarsely textured, but exceedingly tough grey granophyre, 
severely weathered to a whitish colour, and exhibiting numerous separa- 
tions of iron-ore and other alteration products, the true nature of which 
remains to be discovered by both chemical and optical analyses. 

There can be no doubt that the enormous development of this grey 
granophyre, in a variety of fine, medium and coarse textures, would 
form an inexhaustible source of supply of stone suitable for situations 
where exceptional strength of materials is required ; but, for the present, 
the sites are practically inaccessible. For tuna teh/, however, stone of 
essentially similar character, outcrops at lower levels, along the entire 
base of the hills, by the side of which cart-tracks already exist. 

Proceeding northward along the base of Babia Dungar by the 
foot-path swerving \V. to the shepherd's retreat, called Azmapdt Nes, 
it was found that a great spur from the summit, stretches NNE. for 
considerably more then half -a -mile, and, as such offshoots from the 
mein mass usually exhibit modifications of structure, samples from the 
top and bottom of the spur were carefull}^ examined and discovered to 
be excessively tough, strong, and of a distinctly ornamental character 
similar indeed in all respects to sample No. 65, which was provisionally 
registered as a mottled spherulitic and granophyric-felsite. At this new 
site, however, the stone occurs in greater abundance and is much fresher, 
especially in the valley at the westward base of the spur, locally known 
as Krishna Jhar. 

Another noteworthy feature of the rock of this spur is, that on its 
westward aspect approaching Azmdpdt Nes, the mass exhibits a coarse 
kind of cleavage into a parallelopipedal shingle, which however could 
not be obtained in a fresh condition without recourse to blasting ; so 
that only weathered samples were secured for future laboratory ex- 
amination. This great spur appears to h^ve been thrust through the 
already existent mountain -massive under conditions of great lateral 
pressure, thereby resulting in the transverse cleavages abovenoted ; 
while the original intrusive or dyke-rock assumes, by its wearing-down, 
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the outward aspect of a series of steps, or pats, as they are termed in the 
vernacular ; — hence the local names, Asiapat, Azmdpat, Khdripit. 

On reaching Azmdpat Nes, which lies in the valley nearly i| miles 
SSE. of the most northerly boundary of the State in this central hilly 
region, it was observed that a high ridge, (Hadio Dhar) which runs 
practically E. and \V,, marks the divide between the States of Porbandar 
and Navdnagar, and is constituted by coarse granophyric rocks, essen- 
tially similar to those of Babia Dungar, and the assemblage of adjacent 
hills and heights. The shepherds, or more correctly goatherds and^ 
buffalo-keepers at this time of the year, usually desert their huts at 
Azmdpat Nes to seek the shade and shelter of a few Banyan Trees, from 
the scorching sun, at some distance down the valley called Nur Jhdr, 
which takes a southward course separating Babia Dungar on the E. 
from K ala don gar at the \V . 

Kalddongar rises to the height of 1,148 feet above the sea level, 
being thus 108 feet higher than its twin hill, Babia Dungar, and evidently 
a part of the same intrusive or dyke -mass, separated into two by the 
erosion of Nur Jhiir. The wide valley thus formed holds a deep talus 
of felsitic earth and detached fragments of rock from the heights on either 
side, and supports a robust vegetation of KarauncU bushes and Jungle 
Jambu ; — the fruit of which, however, is not sufficiently esteemed to be 
of any market value. There can be no reason why these fertile moun- 
tain recesses should not be utilised for the cultivation of suitable varieties 
of fruit trees, which require little or no attention beyond their establish- 
ment to yield a plentiful supply of wholesome edible fruit ; as the soil 
is unquestionably rich enough ; while the underground water-supply 
rarely sinks to depths that cannot be reached by the roots. 

Along the vale of Nur Jhdr, for more than a mile on either side, 
the summit slopes of Babia Dungar on the E., and of Ka la don gar at the 
W., afford numerous sites suitable for the excavation of large open 
quarries from which practically inexhaustible supplies of very large blocks 
of a varied assortment of tough and durable granophvres of the highest 
economic grades could be readily extracted. For the piescnt, however, 
these sites are inaccessible, but their existence is here recorded in anti- 
cipation of the future opening-up of suitable roadways. 

On the 15th instant, a final excursion was taken north -eastwardl}^ 
from Asiapat to cover the remainder of the un traversed ground around 
that centre of observation. The journey, by reason of the rough and 
hilly nature of the ground, was made in part on foot ; while the level 
patches of land were covered with less fatigue in a bullock-cart, which 
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was also found of service for the conveyance of the specimens 
collected. 

After a run round the windings of the rivulet, up to about half-a- 
mile N. of the village of Biles hwar, it was noticed that the high-banks of 
the stream were more or less covered by tolerably thick deposits of 
conglomerates and obliquely laminated thin beds of the miliolite-base 
resting upon the decayed surface of the mountain -massive, and thickly 
clothed at places with the conspicuous flowering climber Cryptostegia 
grandijiora, of which little is now heard ; although, about a generation 
ago, it was reported to yield a beautiful fibre ; while its latex was found 
to contain a goodly proportion of rubber. The leaves and tender shoots 
of the plant, however, are so notoriously poisonous that even hungry 
goats refuse to feed upon them. 

Proceeding NNE. in the direction of Sajanaw^la Nes, a halt was 
called i-| miles NE. by NNE, of Asidpdt, towards the centre of a flat 
expanse of land, almost encircled by ridges and other outlying outcrops 
of the mountain-massive. An area of well-soiled ground at this spot 
under cultivation, called for the sinking of a new w'ell-shaft ; and, as 
already surmised, it w^as found that the strikingly flat surface was caused 
directly by the occurrence of horizontally disposed bedded-lavas imme- 
diately below ; — w^hile these being in proximity to the subsequently 
intruded hypabyssal rocks of the elevated regions, were found to be 
harder, by reason of extended induration, (sub-contact metamorphism), 
than the bedded-lavas of the general countryside. 

The artificial section exposed by this well-shaft, showed from the 
surface downward : — (i). — 2 to 3 feet of calcareo-siliceous soil, derived 
from detrital washings of granophyres and felsites, wEich may be called 
'' felsitic -earth ”, mixed with the disintegrated limy soil of the miliolite- 
base deposits below, (ii). — About i foot of decomposing, rubbly miliolite 
full of fragments of both hypabyssal and volcanic origin, (iii). — Volcanic 
subsoil to a depth of about 4 feet, infiltrated with hme. (iv). — An ap- 
preciable thickness of amygdaloidal lava in a fairly fresh condition, 
crowded with sub-spherical zeolitiferous amygdales. (v). — Compact, 
hardened, bedded-lava in an almost perfectly fresh condition. 

Another w^ell -shaft, some 300 yards SSW. c>f Sajanawala Nes, showed 
miliolite deposits to the depth of 10 feet ; wliile the NE. bank of the hill- 
stream flanking the S. side of the shepherds’ village, also revealed depo- 
sits of the miliolite-base, fully 9 feet deep. The miliolites at these parts 
directly overlie the bedded-lavas, but they also overlap the adjacent 
spurs and outliers of the mountain -massive farther afield. 
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Taking the rough cart-track which leads northward from Sajanawjila 
Nes, for a trifle over a mile to the boundary of the State, it was observed 
that the ground is rendered hilly in all directions by a succession of ridge 
spurs radiating southward from the heights of R<lnasar Ta lav and R4na- 
sar Dhdr, 732 feet abov^e the level of the sea. These spurs, as already 
mentioned, are not only generally accessible for quarrying operations, 
but usually abound in valuable varieties of stone ; so that it was not 
surprising to find good utilisable developments, which could be profitably 
exploited as soon as a few traffic routes are established. Finely- textured 
granoph^^Tes of the highest -grades occur in abundance in the immediate 
neighbourhood of Sajanawdla Nes, and the other more westward spurs 
from Ranasar Dhdr, while the rock forming the elevation on the S. side 
of Rdndsar Talav, consists of a very dark, almost black felsitic stone full 
of elongated porphyritic crystals, probably of pyroxene, the true nature 
of which awaits determination. The precise sites suitable for excavation 
along these hill-spurs, were duly noted, and samples from each site 
accurately registered and provisionally named. 

It may be casually noted that Rdndsar Talav at this time of the year 
was found to be fairly full of water in a semi-stagnant condition, crowded 
with water -weeds, and of a bright -green colour due to the presence of 
countless microscopic zoospores of freshwater Algce, The Randsar 
Heights and the Jhar or gorge leading southward therefrom exhibited a 
distinctively upland flora; — conspicuous amongst others being the Bastard 
Teak, Biitca frondosa^ in full foliage ; and, lower down, close growths of 
shrubby-trees of Acacia Senegal, A. ferniginea, and the closely alUed 
Dichrostachys cineria with its strikingly beautiful hermaphrodite inflores- 
cence in pink and yellow ; while interspaces were fully occupied by three 
or four kinds of Cassia, the ubiquitous Zizyphns nnmmularia and another 
variety of wild Jujube, Zizyphns xylopyrus; — all of them indicative of the 
fact that the soil and general conditions are suitable for the cultivation 
of economic plants. 

On the return journey from Rdnasar Talav, a westward and then 
southerly course was taken along the base of the high -hills and their 
numerous spurs ; and among other sites from which samples were gather- 
ed, a specially good position for a fairly large quarry of fresh and strong 
blue-grey granophyre was registered as occurring in the form of a nether 
hillock at the SE. base of Ghoda-Lanki Dhdr, near by Fatal Talav Nes, 
approximately ij miles ENE. of Babia Dungar Summit. 

Tents were struck at 8 o'clock on the morning of the 17th instant, 
and the return journey to headquarters was accomplished during the 
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afternoon of the same day; the route taken being made to cover the only 
remaining portion of untraversed ground in the State ; — ^namely the area 
bordering the base of the Barda Group of hills from the spur called 
Fakada Dhar, ij miles N\V. of Bordi, to the hill-pass and Railway- 
cutting near the base ot FiAra Dungar, known as Javantdra Gdrd, 

Fakdda Dhdr spur has already been noted as a suitable site for the 
opening of a quarry to supply building-blocks of a very superior light- 
grey granophyre, within easy distance of Bordi, The spur runs WSW. 
by S\V. to the base of Gared Dhdr, where the rock assumes a coarser 
texture, and obtains in gigantic columns, very much weathered and al- 
tered superficial!}', but well adapted for being blasted to yield abundant 
supplies of dock-building stone, of a deep-grey colour in its perfectly 
fresh condition. From this spur, at a distance of about 2 miles from 
Bordi, a secondary short spur taking a NNW. to SSE. direction, and also 
available as a quarry-site, yields a medium-textured brown-grey stone, 
which shows signs of developing into an ornamental condition of the 
character provisionally registered as a mottled blue-grey and buff, 
grajiophyric felsite, Nos. 65 and 538. There can be no doubt that the 
deep-seated, perfectly unaltered portions of the mass are of a uniformly 
grey colour ; but that it acquires its varied hues through epigene 
reactions. 

Sundry additional specimens, showing structural peculiarities in the 
outcropping Dwarka Group of marine deposits, in the neighbourhood of 
Virpur by the side of the Rdndwao high-road, were finally secured and 
registered in completion of the State Geological Collection. 

Regis - 

Date. tered Provisional Name. ■ Locality and Remarks. 

No. : I 

12-5-16 532 Pale Buff -grey Granophyre. Parti*! NW. end of Asiapat Oppo^^ite the 

ally weathered. j Police -quarters. 

12-5-16 533 MiUoUte -limestone Base. Resting S. side of Asiapat. Top of N. 

on Granophy re-conglomerate. bank of Bileshwari Vokaia. 

12-5-16 534 Miliolite-Umestone. Resting on! J mile N. of Bileshwar. Top of N. 

Granophyre-congiomerate. j bank of Bileshwari Vokaia. 

12-5-16 535 Pale Buff -grey Granophyre ! Waterfall. Bed of Vokala, | mile 

Weathered and Sunbaked. N. of Bileshwar. 

12-5-16 536 Altered White Granophyre. With Base of E. slope of Babia Dungai, 

Iron and Secondary Products. 

*3 
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Date. 

i i 

Regis- 
tered Provisional Name. 

No. 

Locality and Remarks. 

12-5-16 

i 

1 

537 IGranophyriC'f el site. Mottled Blue- 
1 grey and Buff. 

NNE. spur from Babia Dungar 

12-5-16 

538 j Granophyric-felsite. Mottled 
; Blue-grey and Buff. 

Krishna Jhar, 1 mile NNE. of 
Summit of Babia Dungar. 

12-5-16 

539 |GranophyricTelsite, Cleaved and 
j Decomposed. 

1 mile E. of Azmapdt Nes, Barda 
i Hills 

12-5-16 

5*10 [Altered Granophyre. White, due 

Bed of Nur Jhar, near Azmapat 


1 to Incipient Laterisation . 

1 Nes . 

12-5-16 

511 'Coarse, Whitish Granophyre! 
j 1 Altere<l by Weathering. 

:E. slope. Ba<e of Kalddongar. 

1 5—5—] 6 

! 

542 jAmygdaloidal Lava. 10 ft from 
Surface of Well-shaft. 

\ll miles NE. by NNE. of Asiapat 

1 and 800 vds. from Sajanawala 
Nes. 

15-5-16 

543 Compact Bedded-Iava. .. 

! 

j Underlying 542. 

15-5-16 

544 MiUolitc -limestone. Base. 

Oveilying 542. 

15-5-16 

i 

545 jMiliolite -limestone. Base 10 ft. 

; deep Deposit. 

300 yd^, SSW. of Sajanawdla Nes. 

15-5-16 1 

546 Paiddy-grey Granophyre. Fjne- 
1 j textured. Simhaked. 

|SmaU Mound. 50 yds. NNE of 
j Sajanawala Nes. 

15-5-16 

, 547 |Br<>wn-grey Granophyre. Fine- 
1 textured. Sunbaked. 

500 yds. NNE. of Sajanawdla Nes, 

1 called Kambidla Dhar. 

15-5-16 

548 C 1 e a V e d Granophyric-felsite. 
Surface. Sunbaked, 

500 yds. NNW. of Sajanawala 
Nes. 

l5-,5-16 

549 Partially Cleaved Felsite. Small 

1 Spur-mound, 

550 yds.NNW.of Sajanawala Nes. 

15-5-16 

550 jCompact Porphyritic Felsite. 

Sloj^e. S. bide of Hanasar Talav. 

15-5-16 

551 iPa 1 e - g re y Granophyric-felsite. 
j Slightly sunbaked. 

Spur of Rdnasar Dhdr, | mile 
NNW. of Sajanawdla Nes. 

15-5—16 

552 1 Blue -black Felsite 

1 mile NW. of Sajanawala Nes. 

15^5_1G 

553 j Blue-Grey Granophyre, Fresh, 
J Medium -textured. 

SE. base of Ghoda-Lanki Dhdr. 
Adjoining Fatal Talav Nes. 

17-5-16 

554 Brown-grey Granophyre. Medium 
textured. Sunbaked. 

Spur from SE. slope of Gared 
Dhdr. 2 miles W. of Bordi, 

17-5-16 

555 Coarse, Grey Granophyre Siiper- 
ticially Altered, 

NE. to SW. Spur from Gared Dhdr 
2 miles W. of Bordi. 
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Date. 

Regis- . 

tered i Provisional Name. 

No. * 

Locality and Remarks. 

17-0-16 

f 

556 {Fossiliferous -Flagstone. Dwarka 
; 1 Group. 

Surface. 200 yds. W. of Virpur 
Side of Ranawao Highroad. 

17—0—16 

557 j Dwarka Limestone. Ruddy, 

1 Mottled. Couglomeratie. 

500 yds. W. of Virpur. NW. 
^ide of Raiiawao Highroad. 

17-0-16 

558 Dwarka Limestone. Of Kunchri 

1 mile WSW. of Virpur. NW. 


I and Degam Type. 

side of Raiiawao Hichroad. 
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THE ECUiNOJIIC GEOEOHY OF FOiiBANHAll STATE 


BY 


E. HOWARD ADYE, F.G.S,etc, 

Director t Geological Survey of Porhandar State, 


June, July and August, 1915. 


A FIRST TRAVERSE or geological reconnaissance has now 
been made of the sub-central portions of the State, exte.id- 
ing from headquarters in Porbandar City, via Ranawao and 
Bordi to the boundary township of Kandorna ; — thereby constitut- 
ing four Camp-Stations, from which observations on the structure 
and petrography of the countryside have been duly recorded. 

In this summary of results, it may be explained that the initial 
routes of traverse were chosen, not haphazard, but with a view to 
verifying, as speedily as possible, the forecast that the region 
selected would be prolific in favourable sites for the exploitation 
of quarries of merchantable stone, hitherto left untouched by rea- 
son of lack of reliable information ; but nevertheless of such high 
intrinsic merits as to justify the expectation that when once suiific - 
ently made known, they would command the stone markets of In- 
dia in their own particular class, 

Porbandar State has long been famous in the annals of archi- 
tecture as the original home of the incomparable limestone techni- 
cally termed 'CMihoIite but also, and more appropriately called by 

commercial men, Porbandar-Stone. '' 
Economic Attributes oi -ri 4. ■ 

“Porbandar-Stone.” i he extensive series ot quarries at the 

heights of Adatiana, perhaps the larg» 

«st of their kind in the world, will, as soon as all collateral infor-* 

i 
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mation can be gathered, furnish the theme of a special descriptive 
and petrographical study in the sequel. Economically consider- 
ed, the stone, in its various grades, has long been recognised to 
hold an unshaken premier place among the building stones of In- 
dia, as applied to the erection of frontages and the walls of pub- 
lic-buildings and dwelling-houses generally. In all such situations, 
Poroandar-Stone stands pre-eminentj and, in this transitory world 
of ours, its best grades may be reckoned to remain uuimpared and 
to long outlast the lives ot many generations. 

On account of its physical properties and chemical constitu- 
tion, however, Porbandar Stone, v which has a hardness only bare- 
ly exceeding that of its chief constituent, -carbonate ot lime, -about 
3 on Mohs’s scale), except when it contains a superabundance of 
sand, is comparatively worthless for use in situations that are 
subjected to severe wear and tear, -attrition and stress, -such as for 
foundations, floors, steps and landings, pavements and roadways, 
and in the construction of embankments, bridges, harbours and 
docks. For such purposes, only the strongest, toughest and most 
durable of materials ought to be indicated. 

The term ‘‘ Granite” has so long and so persistently been as- 
sociated in the popular mind with all that denotes great strength, 
that even professional engineers and architects now-a-days are apt 

to be misled in their choice of suitable 
materials, by the speciacation ( doubt- 
Applied Petrology. less correct), that the tendered stone is 

a granite. In the light of recent resear- 
ches in applied petrology, the porphyries and porphyrites unques- 
tionably rank highest, closely followed by the diabases and ba- 
salts ; while the granites come in as a “bad third” in this “struggle 
for supremacy.” 

Applied petrology, as distinct, although but a special branch of 
the science of rocks, further teaches, that the grouping of econo- 
mic stones into grades, is dependent, not so much upon the chemi- 
cal composition of the material, as upon its texture and the mutual 
relationshio of its units. This again, in its turn, leads to the more 




Plate I 



Fig. 1. The Grey Granite of Aberdeen, Rubislaw 
Quarries, Aberdeenshire. 

Original Camera Lucida Drawing by E. Howard Adye, F. G. S., etc. 
Magnified 55 diam. and slightly reduced. 

! ('ft-haud Srniicirclc, \ lowed by ordinary transmitted 
Rii^ht-JuDid Srniuix l)et\veen crossed nicols ; — polarised liyhl. 

To exhibit tlie tliorous^^hly iiolocrystalline texture ot' a typical Plnlonic or \bv'ss<il 
rock ; where tfie mineral units are distinct, and lea\e no unindividualised 
material between their members. 
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Holocrystalline Rocks Defin- 
ed and Exemplified. 


philosophic problems concerned with the nature and origin of rocks, 
the solutions for which can only be sought for and found by care- 
ful observation and experiment. 

It thus happens that when an essentially acid magma becomes 
consolidated deep down in the “bowels of the earth’' under extraor- 
dinary conditions of pressure and temperature, the resulting mass 

thus slowly solidified, becomes more 
or less thoroughly crystalline, or, in 
scientific parlance, holocrystalline \n 
which the mineral units are completely separated without leaving 
any unindividualised material between them. When these crys- 
tals consist mainly and essentially of one or more alkali felspars, 
quartz and a ferro-magnesian constituent, such as mica, hornblende 
or augite, in fairly large coarse crystals, the rock is called a granite^ 
but if the crystals are too small to be distinctly separable by the 
naked-eye, the mass is termed a microgranite. 

When the molten magma happens to be less acid, distinctly 
alkaline, basic or even ultrabasic in constitution, and subject to 
similar conditions of consolidation to yield holocrystalline textures, 

the resulting masses are recognised by 

Abyssal or Plutoalc Rocks , j j- - • 

Qeaerlcaliy Classified. petrographers under the distinctive 

names syenites j diorites, gabbros and nori- 
tes zn A peridotites ; and all of these types, including the granites, 
are collectively classed as Abyssal or Plutonic Rocks. 

These brief explanations are not intended to serve as a primer 
of petrology, but are here entered as a desirable introduction to the 
proper understanding of the sequel by practical men, whose every- 
day business leads them to the borderland of systematised know- 
ledge. 

Under conditions of less tardy refrigeration and subject to con- 
solidation under an appreciable relief of pressure, the same molten- 
magma which would otherwise became holocrystalline, may be 

changed, according to the rapidity of 
Cltaaified congelation, into anything from a glass, 

(pitchstone), to a granophyre or grano- 
phyric granite. It may be conceived that a deep-seated molten mass 
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of material urider^oin? secular refrigeration into a true granite, or 
other plutonic rock, finds certain parts of weakness in the crust of the 
earth, and naturally forces its way along the lines of least resist- 
ance, mainly towards the surface of the earth ; — but only to becon- 
solidated before it reaches an outlet. Such dykes, sheets and bosses 
when consolidated at varying intermidUte deorhs, have been cor- 
rectly classed together as R):ks; and according to the 
degrees of crystallisation of their mineral constituents, are seve- 
rally known as Pitchstones, Felsites, Porphyries and Porphyrites, Dia- 
bAses and L improphyres ; — in conformity with the acid or more basic 
character of the original molten-magma. 


When, however, the molten-magma, either acid, sub-acid, basic 
or ultra-basic is projected near to the surface, or to be even ejected 
through the surface of the earth, it consolidates, according to the 

rapidity of cooling into distinctly acid 
lavas, called Rhyolites ; less acid lavas, 
known as Trachytes and Phonolites ; in- 
termediate lavas, typified by AnJesites and questionably by Dacites; 
basic lavas, familiarly termed Basalts including Dolerites ; and 
lastly, ultra-basic lavas of the nature of Magm i-Basalts typified by 
the Limburgites* 


VoIcanJc Rocks Defined and 
Ciasaificd. 


From the introductory information, concerning rec >gnised facts 
recorded above, it will be readily understood and fully apprecia- 
ted, when it is stated that the massive or igneous rocks encountered 

during the first traverse already ac- 

EacTCfltred "urlnJTe Hrl! coaiplished, beloncr mainly to the class 
Inverse, of Hypabyssal Rocks, and to the fa- 

milies of Felsites, Porphyries and 
Porphyrites ; while the Volcanic Rocks, in comparatively small 
development arc represented by the family of Basalts and Dole- 
rites. 


Among the hypabyssal rocks that have hitherto been discover- 
ed, all of them are of economic value, but of varying degrees of 
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Fig. 2. North side of Railway-cutting, [, mile ENE. 
of Ranawao Station. 

Photograph taken 6th September, 1915, at 11-30 a.m. 

To show tlio fresli cores or nuclei of spheroids, with their concentric shells ;ind 
intennediate substance, rendered more apparent b^ weathering, in a 
typical hypahys^al rock (\o. gf>), of the Harda Ciroup of hills. 'i'he''e 
spheroidal shrinkages in linear succession constitute the columnar struc- 
ture, due to \ertical iointing of the mass. The major axis of the 
splieroidal core on the left-haru! side of the picture, rneastfre-S approxi- 
mately feet. 
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utility and subservient to special purposes ; while the basalts and 
dolerites are also merchantable though less valuable and more re- 
stricted in their applications to everyday wants. 

Before the absolute values of individual samples can be regis- 
tered, each specimen will have have to be subjected to laboratory 
tests and careful microscopical determinations ; but, in anticipa- 
tion ot results, it is desirable that a 

** Spher- further details should be succintiy 

•Idaf Shrinkate of latroaive or 

Dyke-rocki. elucidated, with a view to an exact 

appreciation hereafter. First of all, it 
may be observed that the hypabyssal in common with certain of the 
volcanic group of rocks are essentially of an intrusive character 
mainly manifested in the form of dykes thrust through superincum- 
bent structures. When these dykes or sheets assume gigantic pro- 
portions, the vast bulk of the rock is invariably divided by more 
or less vertical joints, mainly due to contraction during cooling, 
to torm huge columns, which in their turn divide transversely into 
cuboidal masses ; while continued refrigeration results in a series 
of individual shrinkages within each subdivision intermittently, so 
as to result in a spheroidal nucleus surrounded by concentric shells 

of matter. These structural peculiari- 

Weathering or Atmospheric become most apparent after expo- 

influences on the wearing-down 

oi Igneous tocka. sure to atmospheric influences ; and the 

breaking down of the rock-mass into 
sub-soil and soil by the processes of weathering, as it is called, fur- 
nishes an unerring clue as to the utility or otherwise of any given 
stone to the eye of the practised prospector. 

When therefore, the exoosed surface of a dyke of massive stone 
whether of hypabyssal or volcanic origin, exhibits a succession of 
large rounded boulders or spheroids each measuring over a foot or 

so in diameter, the stone-prospector 

Preltminary Testa for Sound would do well to test the spheriods 
Stone, applied to Igueons Rocks. 

with a sledge-hammer, ( from 7 to I 4 
lbs. in weight ); and it will generally be found, that after the remo- 
val of more or less decayed interstitial matter, the outer concentric 
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shells of the spheroid will break away with increasing difficulty 
from without inwards, until a sub-spheroidal core or nucleus of 
practically fresh and sound stone is left. These nuclei may, as a 
rule, be utilised for economic purposes, unless, of course, the wea- 
thering has gone so far as to decompose the entire structure into 
soil ; but, by digging deeper to the zone of underlying subsoil, a 
goodly proportion of valuable material may invariably be rescued, 
until the solid rock of the dyke is reached and blasting becomes 
imperative. 


Selection of Sites for Quarry- 
ios and Minins. 


Needless to note, quarrying operations ought, preferably, to be 
commenced on the slope of a hill-side or ridge ; and not, unless un- 
avoidable, upon level land ; so as to allow for natural drainage ; 

and ergo, the prevention of subsequent 
water-logging of the works. These re- 
marks, of course, apply more p?-ticu- 
larly to the generality of massive rocks other than those that as- 
sume a bedded or stratified character. In the latter instances, and 
in excavating for special beds of sedimentary stone, seams of coal 
and horizontally or sub-horizontally disposed structures, mining, 
rather than quarrying operations, from a level surface, can be car- 
ried on to the best advantage. 


There is another, and most important factor to be borne in 
mind, when prospecting for economic massive stone, in this connec- 
tion, viz., -when comparatively small dykes, -say, of about 20 to 50 

feet or so, are found favourably situat- 
Peculiarities in the Jointed , _ 

Structure of Small Dykes inese dykes, especially of volca- 

nic, but also occasionally of hypabys- 
sal origin, frequently yield an abundant supply of sound merchant- 
able stone of exceptionally good quality ; but are liable to escape 
notice, or to be rejected when met with, for want of careful exami- 
nation. Such dykes usually exhibit a central portion, rudely join- 
ted into large vertical columns, subdivided as a rule by transverse 
cracks and spheroidal shrinkages, so as to afford large, and some- 
times gigantic blocks, capable of being blasted and trimmed into 
building-stones of even extraordinary dimensions ; while their late- 




Fig. 3. A Typical Granophyre, Wadwala, Alech Hills, 

Kathiawar. 


Photomicrograph of a Preparation by E. Howard Aclye. 

Magnified 20 diam. 

Tho upper portion of this (ij^ure shows the crystals of quartz, f colourless ) and 
rllddy-^^rcy orthoLlase felspar, interyrown to form the 
sh'itrfurr^ which is visible as such to the naked e}e ; but the l^ulk of the 
field of \ iew,— the lower portion,-- is composed of \ery 

cleurh resoKed by this power of 20 diameters into Intricately interlocked 
felspar (shaded) and quartz (clear), tormin^ well-defined “ Lentrie- 
systenis " around nuclei of orthoclase ielspar, A texture siunyini;^ 
micropeg'niatite in these dimensions, denotes a rock ot exceptional 
loiiy'hness and streng-th. \\ hen the dominant felspar is id the nature of 
ortiioclasc, the rock, as in this case, belongs to the petrological ^roup 
of Po rj Jiv TIC's. 

Fig. 4. -Sunbaked Granophyre, Summit of Abapura Dungar, 

Barda Hills. 

Photomicrograph from a Preparation by E. Howard Adye. 
Magnified 20 diam. 

W hen closely scrutinised, the dominant portion of the field-of-\ iew shows that the 
roek-mass is essentially similar In structure to that of big. 3 ; hut 
although magnified equally, the texture of the micropegmatite can only 
he just barely discerned, forming centric-systems around nuclei, (two ol 
which are shownl, which hu\e been altered, llaterised), b\ sunbaking, 
into deep-red opaque masses of, presumably, former orthoclase felspars. 
This phase of structure may be regarded as but a single step in advance 
from the fcL'.iti( or rrypforrystid I ijic to the frfitnophyrir^ and indicates, that 
although the mass may he much tougher than a granite, it is inferior in 
strength to the more adxaiwed stage show'n in Fig. 3, and is prone to 
prove slightK brittle and to splinter under sharp blows, or to pulverise 
under intense crushing force. 
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ral parietes, invariably of much finer texture, are liable to split in- 
to small parallelopipedal slabs, or even to be cleaved like a slate, 
and then into an unutilisable shingle. This happens most frequent- 
ly among volcanic dykes; but the lateral edges of small hypabys- 
sal dykes, seldom become cleaved into slabs of less than an inch 
in thickness ; so that when met with in a fresh condition they pre- 
sent advantages rather than otherwise to prospectors in quest of 
road-metal. 


Potyhedril Jointln{ In Small 
Dykes. 


Further, when dykes of less than 20 feet in width are encoun- 
tered, and even when they occur in veins of but a few inches in 
thickness, they need not therefore be discarded ; because, when un- 
weathered, many of them, notably in 
the region of the bedded-lavas, are 
found to be composed of exceedingly 
compact and tough basalts which readily break along their unseen 
joints into polygonal pieces, admirably adapted for use as road- 
metal. Instances of these various modes of occurrence, in dyke- 
rocks of both hypabyssal and volcanic origin will be duly recorded 
in the sequel. 


It has already been observed that the utility of a stone, insofar 
as strength and durability are concerned, depends less upon its 
chemical composition than on its texture and the mutual relation- 
ship of its mineral units ; and the 

00 Chemical Composition. more strikingly exemplified than by a 

detailed examination of phases in the 
evolution of the granophyres that are so abundantly in evidence in 
the Barda group of hills, within the boundaries of Porbander State. 


Petrographers are familar with the fact that when a mass of 
granite or other plutonic rock sends forth intrusions into its sur- 
roundings, the dykes or veins so formed invariably exhibit what is 

known as the granophyric structure ; or, 

Qrinophyric Structure. • ..u j . ^ . 

in other words, an intergrowth of its 

quartz and felspar constituents. It has further been found that 

wherever such structure obtains, the rock-mass acquires added 
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Strength and durability; but that these properties are dependent 
upon the texture, — coarse, medium or fine, — of the intergrowths. 
When the texture is sufficiently coarse to be plainly visible to the 
normal naked eye, the structure is itrmtd Pegmatite ; 

but when it is too fine to be detected without artificial aid, it is 
called micropegmatite. 


Petmatite and Mlcropcsmatite. 


Economically considered, micropegmatite, (which is charac- 
teristic of the group of rocks known as granophyres), may be taken 
as the determining factor in optical analysis, insofar as the strength 

of the structure is concerned. The 
strength of the sample, moreover, is 
not only proportionate to the presence, in quantity, of the micropeg- 
matite, but to the degree of its development, e. g., when the micro- 
pegmatite is very clearly shown, and also furnishes the dominant 
feature in the field of view under a magnifying power of from 20 to 
25 diameters, the rock-mass may unerringly be pronounced to be 
stronger and tougher than when the micropegmatite can only be 
barely resolved as such, under the same powers of the microscope. 
Needless to note, it is assumed that the materials under observa- 
tion are in a perfectly fresh and unaltered condition. 


The term Granophyre '' will therefore hereinafter be reserved 
to denote rock-structures in which the granophyric element or mi- 
cropegmatite occurs as the dominant constituent; and it will be 

found that the strongest granophyres 

Microscopic Structure. portions are neither too coarse not too 

finely textured, but can be very clearly 
discerned under moderately low powers, ( 20 to 25 diameters ), of 
the microscope, as shown by Fig. 3. 


When the micropegmatite, still occurring as the dominant con- 
stituent of the rock, requires a power of about 50 diameters to re- 
solve its details clearly, the granophyre, although intensely hard 
and tough enough to rank as a high-grade economic stone, shows 
signs of passing into the Felsitic*' condition. See Fig. 4. 



Plate IV, 



Fig. 5. Spherulitic Felsite, Satavari Jhar, Barda Hills. 

Photomicrograph from a Preparation by E. Howard Adye. 
Magnified 25 diam. 

1 1k‘ fit'Itl of view in ihib rock-section, shows a ground-mass of true felsiie, studded 
with a number of splierulites. The felsitic portion consists essentially of 
a cryptocrystalline intergrow'tii of quartz and felspar, which, when viewed 
under ordinary transmitted lig'ht shows no siiJfns of structure ; b\it watn 
polarised lii^ht reveals its dual character. The spherulites can be seen 
to be built up of li^^hter, (quartz), tind darker, (felspar), fibrils radiatini^ 
from central nuclei, and g’ive the characteristic black cross with polarised 
lii^ht, 1 he\ are in reality incipient interi^rowths of felspar and quartz, 
foreshadowing' the formation of micropegmatite. Spherulitic feKiles lire 
always intensely hard, but more or less glassy, and frequently highly 
ornamental and capable of taking a brilliant polish. 
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True felsite, in the sense in which the term will hereafter be 
used in this report, and within the meaning of the name as accept- 
ed by progressive petrographers, consists of a massive type of rock, 

identical in chemical constitution with 

Crypto-crystalline Structure. rocks of plutonic origin, in which tne 

crystallisation of the molten magma 
has been almost entirely arrested, so as to result in the formation 
of an apparently homogeneous or crypto-crystalline sixxxQinvey where- 
in no trace of individuality, as mineral units, can be detected 
either by the naked-eye or with ordinary light under the micro- 
scope. The crypto-crystalline or hidden character of the differen- 
tiation of the glassy mass into incipient crystals can, however, be 
made out by the use of polarised light ; so that if the felsite hap- 
pens to be identical in chemical composition with a granite, its lead- 
ing constituents of felspar and quartz can be recognised, in spite 
of being so intimately and obscurely blended together. Such fel- 
sites do not occur naturally, in large unitorm masses, but are al- 
ways more or less diversified by crystalline patches, sporadic cry- 
stals or incipient growths. 

When the crypto-crystalline texture predominates, the rock for 
all practical purposes may be regarded as a Felsite, and in this 
generalised condition is possessed of physical properties, the prin- 
cipal features of which may be sum- 

Physical Properties and Uses marised as intense hardness and capa- 
of Felsites. ... 

bility of withstanding severe abrasion ; 

but the texture by reason of its sub-vitreous character, cannot re- 
sist sharp blows nor the stress of severe crushing force, and is 
therefore unsuitable for either general building construction or for 
road-making operations. On the other hand, the felsites ought to 
furnish ideal material for the construction of steps, landings and 
floors, -in slabs and tiles ;-and are frequently, in some of their 
varieties, and altered forms, so highly ornamental, as to justify 
their use for the production of table-tops, clock-cases, vases, fancy 
tiles and the like;-as they are all capable of taking a brilliant po- 
lish. 

2 
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Transitional phases in the passage of felsites to granophyres 
are of frequent occurrence among the hypabyssal formations of 
the Barda Hills. Sometimes, these enormous masses of dyke-rock 

exhibit variations in texture at differ- 

Transitional Phases from Fel- parts, comparable to those so com- 

sUes to Oranopb>re3. 

monly found among acid lava-flows ; 
while among the smaller intrusions of the same ( hypabyssal ) se- 
ries, every diversity of geological structure and lithological texture 
may be discovered, within the compass of even very limited areas; 
so that in pegging out quarry-sites for the extraction of uniform 
quality of stone, great care should be exercised to secure material 
strictly true to sample by quarrymasters who are not also expert 
petrologists. 


Although no sharp line of demarcation can be drawn between 
felsites and granophyres, except in extreme phases of structure, 
there are, nevertheless, a few practical wrinkles '' that can be 
made to serve as guides to the student of applied petrology. 


Under conditions of very rapid cnoiing at inteimediate (hypa- 
bys>al) depths in (he crust, an acid magma, would in all 

probability consolidate to form a glassy or vitreous rock, more or 

less crowded with ferro-magnesian 

Pitchstones The lilassy or microlites and crystallites of indeter- 
Vitreous Type of Hypaojssal - ,1 o , 

minable composition. Such rocks are 
termed Pitchstoues ; but, although they 
come within the category of the special series now under consider- 
ation, no examples have yet been discovered in Porbandar State. 


When the same magma takes solid form less rapidly, so that it 
has time and opportunity, the bulk of the texture instead of being 
vitreous ( amorphous or isotropic ), becomes crypto-crystalline \ that 

is to say, that while its minor acces- 

Dcfinitionof Pel site as an minerals such as iron-ores, and 

Exclusively Hypabyssal Type. ’ 

Its ferromagnesian constituents, (pyro- 
xene in the Porbandar types ), take recognisable form, the domi- 
nant portion of the mass consists of an apparently structureless 
material ; but, instead of being isotropic, can be resolved by pola- 



Platf V 



Fig. 6. East End of Bridge on the Ranawao Road, 
spanning the Creek at Porbandar. 

Photograph taken^6th September, 1915, by E. Howard Adye. 

A u'roiip ot “ TciiiUri ” or I'mhrolla Rril>u]s, ^Irnrid phniiff'oxs^ grows hv the sale 
ot a i^ito uhich affords a good exposure, showing a superficial laver ot' 
coarse, sandy and much honeycombed Miliohte, overlying thin beds ot 
Consolidated Shell-Sand and Conglomerate ot the Dwarka Senes oi 
Post* Plioi'ene Reds ; which, in their turn, are tound resting contormablv 
upon the upper portion ot \eilow Limonitic-Limestone of the Ga] Group 
ot Reds of Miocene age. 
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rised light into birefringent constituents, which exhibit the optical 
reactions of felspar and quartz so intricately intergrown as to be 
practically amalgamated and inseparable. To this texture, and this 
texture alone, when it occurs in hypabyssal rocks, and not when 
found present in acid rocks of volcanic origin, (as in the rhyolites) 
the term Felsite will herein and hereafter be exclusively applied. 


A slightly advanced stage in crystallisation, is heralded by the 
appearance within the felsitic ground-mass described above, of 
minute spheres called sphendites \ and when these are characteris- 
tic of the rock-mass, which trequently 

Spherulltes and Spherulitic becomes ornamental, the stone may be 
FeUiles, 

called a Spherulitic-Felsite. Under 
moderately high magnifying powers of the microscope, -from 50 to 
150 diameters or so, and with the employment of polarised light, 
these spherulltes may be demonstrated to consist of radially dis- 
posed fibrils or elongated crystals ( microlites ) of felspar and 
quartz, which are normally, the last minerals to take crystalline 
form ; and, when abundantly present, endow the rock-mass with 
increased toughness ; so that rocks of this description, which are 
well represented in the Porbandar tormations ot the Barda Hills, 
may be utilised not only tor ornamental purposes, but the wastage 
could be profitably broken to guage to furnish good and sound 
road-metal. 


Subsequent developments of the spherulutic type of structure, 
may trequently be witnessed among the Porbandar felsites, where 
the simultaneous crystallisation ot the felspar and quartz assumes 

the form of elongated laths of those 
minerals projecting radially from a 
more or less well developed crystalline 
nucleus, thereby producing so many 
centric systems ; which, when closely aggregated, have by some 
writers been called pseudo-sphcndites. 


Pspudo-spheruiftes or closely 
aSgreiiated Centric Systems of 
Spherulltes. 


A stage in advance of the above is shown, when further differ- 
entiation takes place, and the radially disposed laths of quartz and 
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felspar assume more highly developed crystalline forms, on an 

excessively minute scale, thereby giv- 
Mlcropegofatite”^ Incipient to centric systems of incipi* 

ent micropegmatite. A rock thus cons^ 
tituted, may confidently be expected to rank as decidedly stronger 
and tougher than one in which the centric systems or spherulites 
consist of radially arranged cryptographic intergrowths of felspar 
and quartz, which can instantly be detected by the use of polarised 
light under the microscope; for, between crossed nicols they show 
the characteristic black cross, caused oy extinction in those fibres 
whose axes lie parallel to one of the cross-wires indicating the 
diagonals of the polariscopic prisms. 

Incipient micropegmatite, of the character noted above, heralds 
the type of structure called which, in its finest develop- 
ment, with reference to the strength of materials, is found forming 

the ground-mass oi rocks properly cal- 
Granophyric Structure as a granopliyres ; and, among grano- 

phyres. phyres, it is only those textures that 

can oe very clearly shown to be main- 
ly composed of micropegmatite capable of being most readily stu- 
died under magnifying powers of from 20 to 25 diameters, which 
jusiiiy a claim to oe puced in tne hignest grade of ouuduig stones 
and materials, where strength and durability are the criteria upon 
which to decide. 

On scanning the register of rocks collected during the first 
traverse thiough the southern and south-western regions of the 
Birda group of hills, it will be gathered that Porbaadar State is 
exceptionally rich in rocks of the granophyric type, and also con- 
tains many felsites of economic worth. These have been very 
carefully located; but are only provisionally named, pending 
workshop preparations and laboratory determinations. As soon as 
this work has been accomplished, each comm-rcially valuable or 
scientifically interesting specimen will be accurately named and 
described in detail. 

Explanatory matter dealing with the other massive or igneous 
rocks met with during the surveys up to the end of the first quar- 



Plate VI. 



Fig. 7.— Consolidated Shell-Sand, Scarp of Marsania 
Vokala, Arabian Sea shore near Lamba. 

Photomicrograph from a Preparation by E. Howard Adye. 

Magnified 20 diameters. 

The field ot view comtniniited remanis of the shell's MoHusm, mixed with a 

good many well-preserved tests of Fo ranti}nfrra^ — R>>talidiC^ probably of 
I’leistoceno age, bits of other contemporary marine organisms and grams 
of sand, etc., loosely held together by recrystallised, infiltrated calcite ; 
which Iiowevet, in this instance, does not fill up all interspaces. This 
picture has been selected tor the sake ot comparison, to show, at a 
glance, the w'ide ditTerence that subsists betw'een rocks of ibis t\pe and 
the true Milioliles of later date. 
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ter will be given in these pages, as soon as the regions in which 

they are developed have been travers- 

Basaltlc Dyke-rock near Rana- Por present it will be sufficient 

wao Station, and Bedded-lava at 

Kandorna. to note that only one large basaltic 

dyke in the neighbourhood of Rand- 
wao Station, and a small eminence formed by bedded lavas to the 
immediate E. of Kandorna have yet been encountered. 

With reference to the sedimentary and kindred deposits hither- 
to identified as forming integral factors or phyla among the rocks 
encountered during the traverses to date, a brief explanation in 
this place of their stratigraphical relations, modes of origin, and 
distinctive features may advantageously be recorded as follows : — 

Evidences of the geological age of the massive rocks, mainly 
derived from observations in Peninsular-India and also in other 
parts of the Province of Kathiawar, go to prove that the entire se- 
ries of igneous rocks including the 

Qtological Age of the Massive great bypabyssal intrusions, the vol- 
or Igneous Rocks of Porbandar 

State. canic dykes and the bedded-lavas, 

types of all of which are found in Por- 
bandar State, were formed during the Cretaceo-Eocene of the Eu- 
ropean and the Deccan-Trap Period of the Indian Geological Re- 
cord. 

The convulsions which gave birth to the enormous overflows 
of lava from gigantic fissures, resulted in the formation of the vast 
accumulation of bedded lavas with their subsidiary dykes, which 
to-day constitute the wide plains and ranges of hog-backed hills 
of the countryside ; and these were clearly consolidated at inter- 
vals, probably during the closing of the Cretaceous and the com- 
mencement of the Eocene Period ; so that the oldest rocks of the 
Porbandar State do not date any further back in the history of the 
formation of the Earth's crust, than the close of the Mesozoic Era. 

Volcanic activity, however, was unquestionably rife during 
early Eocene days, and probably abated and ceased altogether 
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during that Geological Period ;-its later manifestations being limit- 
ed to a few violent outbursts through 

EarJy Eocene Age of the Barda of eruption, the wrecks of which. 

Group of Hills. - . 1 r c c 

persist in the form of groups of moun- 
tains and high-hiils, now familiar in our midst as Mount Girnar, 
and the Barda and Alech Hills. 

It is conceivable that the pent-up molten material prior to the 
final outburst in Eocene times would become differentiated into 
zones of lighter acid magmas above and heavier basic magmas be- 
low ; so that when tne material was thrust upwards through lines 
of weakness in the superincumOent solid crust of the earth, the 
acid and more viscous matter would consolidate practically in the 
immediate neighbourhood of the outlet; while the more mobile 
basic matter v/ould subsequently be forced far and wide. 

Observations in the field, confirm the assumption noted above; 
for it has been found that the core of intruded material forming 
the basal wreck ot a huge volcano or compound volcano in the re- 
gion of the Barda Hills, is composed of denuded dyke rocks of 
hypabyssal origin, supplemented by contiguous masses and dykes 
of rhyolite, (acid volcanics), and enormous far-reaching dykes of 
dolerite, (basic volcanics), which stretch like lotty ramparts from 
the base of the group to distant parts of the Province. 

Upon the cessation of volcanic activity, a prolonged period of 
severe denudation must naturally have followed to devastate the 


gigantic mountains to their very base, so as to lay bare their hypa- 
byssal cores; while simultaneous and subsequent earth movements, 
of the nature of gradual subsidences and elevations of the land 
must have supervened, to account for the present physiographical 
features of the countryside. 

Detailed studies of the sedimentary deposits along the coastal 
and sub-coastal areas of Porbandar State, serve to reveal many 
noteworthy and interesting facts of both scientific and economic 

significance. It has been found, and 


Miocene Depression of the 
Land from the Coast of Porhan- 
dar to the base of the Barda 
Group ot HlUs, 


duly recorded in the monthly or Nar- 
rative Reports of this Department, that 
there are indisputable evidences to 




Fig. 8.— Miliolite-Limestone, Adatiana Heights, 
Barda Hills. 


Photomicrograph from a Preparation by E. Howard Adye. 
Magnified 20 diameters. 

I'his is a picture of the highest grade of “ Porbandar-Stone,” to show the practical- 
ly uniform-size of its clastic particles, firmly held together by a tine 
mosaic of re-crystallised or secondary calcite. Among the clastic particles 
there are man}' tests of pelagic Fornminifera^i [Cjliihi}^crinid(P\^ to testify 
to its origin as a marine sedimentary deposit of probably Pleistocene age. 
This particular specimen was taken from the central beds of the \eist 
deposit which lies directly upon the hypabyssal rocks eroded to form the 
exceptionally deep cradle at the brise of the south-w'estern flank of the 
Rarda Hills in Poibam.lar State, 

Fig. 9. Miliolite-Limestone, Amakharda Quarries, 
Bhanwad, Barda Hills. 

Photomicrograph from a Preparation by E. Howard Adye. 

Magnified 35 diameters. 

This picture reveals the fact that the deposit must liave been laid upon a site formed 
ot Gaj Iimonitic limestone, and in the immediate neighbourhood ot both 
hypabyssal and volcanic rocks ; for, in addition to the dominant marine 
organic remains, its clastic constituents includemanyparticlesoflimo- 
nitic limestone, of basalts and traces of granophyres. The re-crvstallis- 
ed matrix of calcite, under this slightly liigher power, is clearly shown bv 
the outlines of its tc'^scra'„ Ry reason ol the variety of its particles aral 
less uniformity in their sizes, this, although reckoned to be a gtwul 
building stone, is decidedly inferior to the example shown by big. H. 
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prove that there must have been a gradual sinking of the ground 
from the present sea-board right up to near the base of the Barda 
Hills in the direction of Adatiana and Ranawao in the Tertiary Era 
or more precisely during the Miocene Period, -equivalent to theGaj 
Group of Sind and the Dwarka Beds of north-western Kathiawar. 

These deposits consist mainly of limonitic limestones and cong- 
lomerates full of characteristic fossils, only just barely detectable 
in the recently formed rocks of the coast-line, bv the rounded frag- 
ments imbedded in the latter. The up- 

Umoaitlc-Iime tones and Cong- per beds of these Gaj limestones are 
lomerates ol the Miocene Period , . 1 

or Gaj Beds of Porbandar State, also visible at the surtace, towards the 

base of the scarp on the W. bank ot the 
Creek spanned by the bridge of the Ranawao Road, Porbandar, and 
also on the W. side of the N. end of the Victoria Jubilee Bridge, 
Porbandar. Indications ot these Tertiary limonitic limestones also 
appear intermittently at the surface, according to the sculpture of 
the land, on the roadsides leading from Porbandar viaVirpur to 
Ra lawao, and from Adatiana via Kolikhara back to the city. The 
best development ot the stone however, in the vicinity of Porbandai 
is only to be met with at various depths below the surtace ; notably 
by an examination of the well-shatt to the N. of the Dwarkadish 
Gardens in the Bokhira limit. Exact localities and details concern- 
ing these stones have been duly noted in the Register of Samples 
collected for the State as Nos. 7, 12, 16, 18, 23, 24, 45 I?L 84!?], 103, 
104, and 108. 

From former investigations, it is expected that the more exten- 
sive deposits of these stones of Tertiary age which are known to 
occur in still untraversed parts of the State are likely to yield com- 
mercial products of permanent importance in the form of ornamen- 
tal stone in various shades of yellow ; and of pigments and distem- 
pers of the same colour ; which, of course, by the proper application 
of heat, could be converted into the popular marketable Indian-reds 
of commerce. 

The stone registered as No. 103, occurs as a practically horizon- 
tal bed of about 2 feet or so in thickness, at a depth of some 14 to 
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l6 feet from the surface of the ground, disclosed by a newly sunk 

well-shaft noted above, which lies with- 
in the limits of the village of Bokhira, 
about a mile N. of the city of Porbandar. 
The material appears to be identical with the variety of ornamental 
limonitic limestone named Pindaralite by the writer ; but it would be 
impossible to state to what extent the stratum is developed, as beds 
of this character, in the same series of formations elsewhere, have 
been found to be merely local and apt to vary in texture, Pindaralite, 
it may be mentioned, occurs as a uniformly texcured stone of fine qua- 
lity, in form of a superficial bed of from 2 to 3 feet in thickness over a 
very small area in the immediate neighbourhood of the village of 
Pindara on the SW, shore of the Gulf of Kutch ; and is a partially 
dolomitised limestone composed of almost ultra-microscopic parti- 
cles indued with limonitic staining, evidently derived from the 
wearing down of the lateritic rocks adjoining. 


This limonitic limestone with its deep substratum of richly fos- 
siliferous and rubbly conglomerates, has been shown to be overlaid 


by a succession of almost azoic beds, and beds composed almost en 


Consolidated Sbelf^sands of 
the PoBt-Pliocenc or Dwarka 
Beds, underlying the Coastal, 
( Pleistocene ), MUiolite of 
Porbandar State. 


tirely of comminuted marine shells, 
Foraminifera, and a goodly proportion 
of sand, and have collectively been as- 
signed by Fhdoen also to the Tertiary 
Era as the uppermost series of strata of 


that age, which he designated Dwarka Beds, by reason of differing 


markedly in lithological characters and fossil contents from the Gaj 


Beds below, and on account of their typical development in the 


Okhamandal Taluka. 


The beds composed of comminuted shells alluded to above, 
are found in their lower or conglomeratic layers to contain brec- 
ciated as well as rounded fragments of Gaj limonitic limestone; 
while their upper portions, bear strong evidences of being sub-aeo- 
lian in origin, or of the nature of raised-beaches. It is these beds that 
are found exposed all along the coast-line in the vicinity of Porban- 
dar-city, and which stretch far inland to even appear intermittently 
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at the base of the Bardas. The lower strata of these Dwarka Beds 
do not appear to be represented in the Porbandar State ; but in the 
Okhamandai Taluka where they comprise tolerably thick depo- 
sits of ochreous earthy rocks, calcareous clays and gypseous depo- 
sits, conformably overlying the Gaj or Miocene deposits, they 
unquestionably belong to the Higher Tertiary or Pliocene Period; 
while the overlying beds of foraminiferal and molluscan shell- 
sand which tail off lenticularly to the SE., or Porbandarwards, 
are probably of Post-Pliocene, if not distinctly of Pleistocene age. 

Elevation of the land, in Post-Tertiary times, and the subae- 
rial denudation which followed, would be sufficient to account for 
the comparatively poor representation of the Tertiary Gaj and 
Dwarka Beds along the W., SVV., and S. shores of Kathiawar; but 
it is certain, that a prolonged period of subsidence, probably com- 
mencing in early Post-Pliocene days, with the accumulation of the 
Upper Dwarka Beds, must have continued far on into the Pleisto- 
cene Period, causing marine deposits to be gradually showered 
down, at first upon the littoral of the sea, but afterwards, as the 
subsidence went on, upon all previously formed submerged ground, 
until nothing remained of the former land but a few islands, to re- 
present the summits and slopes of only the highest hills and moun- 
tain tops of Kathiawar. The final elevation of the entire Province, 
with periodic states of quiescence, and of extensive denudation, 
would suffice to account for the present geological structure of the 
land, as follows : — 

The Consolidated Shell Sand, so freely found forming a sub- 
stratum, overlying the Gaj limonitic limestone, in and around the 
City of Porbandar, tails off gradually towards the elevated base of 

the Barda Hills ; but is found to be 

Aje, Origin, Structure and covered by deposits of quite a different 
mode of Occurrence of the Milio- .7 

litc Deposits of Porbandar State, character of stone, now familiarly 

known by the name of Miliolite. This 
miliolite occurs overlying all previously existing rocks ;~but only 
up to a definite limit upon the hill-slopes. The base of the miliolite 
is frequently of the nature of a conglomerate, and is often false** 
3 
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bedded; thereby proclaiming deposition in littoral depths, under 
more or less turbulent conditions. Its layers immediately above 
the conglomeratic portion, are usually much cancellated, and its 
texture coarse and sandy; both of which are signs of sedimentation 
in the ‘‘ Laminarian,” or zone of great growths of Alg(^. If the 
deposit is very thick, the overlying layers are found to be increas- 
ingly uniform, free from deficiencies, and composed of the tests of 
pelagic as well as bottom-dwelling Foraminifera, Now, upon the 
elevation of the land, the total deposit would continue to increase, 
but in an inverse order to the above, namely : — The finest quality 
of stone would grow gradually coarser, then become cancellated or 
honeycombed, and finally conglomeratic and obliquely laminated. 
Breaks in the continuity of elevation, or very gradual elevation, 
would serve to add fragments of already formed miliolite, that had 
risen above the sea level, to the material in progress of formation 
in both the shallows and the depths of the sea ; so that by subsi- 
dence and elevation, coupled with the modifying influences of 
sub-aerial denudation and changes due to percolation, solution and 
re-deposition, a series of terraces of different textures of stone, 
which would necessarily vary both vertically and horizontally, 
would naturally result ; and that is exactly what has been found to 
be the case in tracing the superposition of the strata from the 
sea-level at Porbandar to its maximal development on the heights 
of Adatiana. 


Since the deposition of the miliolite during the Pleistocene 
Period, there does not appear to have been any subsidence of the 
land; but, on the contrary there are signs that the elevation has 

been and is still going on. In conse- 
Siib* recent and Recent Rocks ^ .. 

of Porbandar State. quence ot this, new rocks are being 

added to the surface of the land mainly 
in two ways. Firstly, by detritus washed down from elevations to 
mingle with the disintegrating surface rocks below, or to be carri- 
ed by watercourses to the sea ; and secondly by seolian deposits, 
raised-beaches and river-terraces, all of which may be included 
under the headings of Sub-recent and Recent rocks, and many of 



Fig. 11. Vein of Black Obsidian intercalated with Bands of Lithoidal 
Rhyolite. Contorled b} beitij.; thrust tluouii’h a I'lisuro with sumirr 
obstructions. KSH. Scarp of Xala to Orio X'okal.i, 3S0 y.irUs \V.\W. 
of Natjka. From a Photograph by E. Howako Anti:. I'.o.s., taket' 
on the 7lh Pocombcr, 1015. O. Obsiai.in. L. Itulunited, I.ilhoid.al 
Rhyofite interc.al.ated uiih tlic Obsidi.in. R.- I.ilhoid.d Khyolilo 
underlyinu’ the ytlisidrin-vcin. C. -- k oiitoi led I'oilK'n ol the \ cm. 
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which will be enumerated and described in the sequel among the 
economic stones of the State. 

From the explanations afforded above, concerning the leading 
types of stone met with during this first traverse of the State, their 
origin, and relative positions upon the geological record, the fol- 
lowing summary of facts and conclusions will now be more readily 
understood and duly appreciated : — 

The area of the State covered during the first traverse, may be 
roughly indicated as being included within a circumscribing line 
(see Map) from Porbandar City through Khapat, Kolikhara, Ada- 

tiana,the extensive miliolite quarry-sites 

Summary of Results of the and adjoining granophyre grounds on 
Porbandar State. the Adatiana-Ranawao heights, Rana- 

wao Railway Station, the Ranawao 
State-Jungle Reserve, the country to the south of the Railway, 
line as far as Bordi and beyond to the State-boundary, the State- 
boundary to the South of the Railway-line as far as the town 
of Kandorna, and the countryside north of and immediately 
surrounding the main-road from Kandorna via Wadwala, Ra lawao- 
town, Virpur and back to Porbandar Geological Survey Headquar- 
ters. The sea-coast and its borderland from Porbandar Customs- 
house to a little beyond the Rana Saheb’s Palace, was also care- 
fully traversed. 

The oldest rocks encountered, belong to the Cretaceo-Eocene 
Period of the European Geological Record which is substantially 
equivalent to the Deccan-Trap Period of Peninsular-India. Among 

the earliest formed rocks of this 

The Earlier Eruptives or Bed- period, represented by the Bedded- 
ded-Lavas of the Deccan-Trap , , ^ , 

Period. lavas and their dykes, only a very 

limited area is exposed to the E. of the 

River Minsar, but is obscured by their denuded deposits of coarse 

miliolite. Only one hog-backed hill of bedded-basalt, called Dhanak 

Dhar, just E. of Kandorna remains uncovered ; while the miliolite- 

conglomerate forming portions of the western scarped banks of 

the River Minsar at Walotra, but also at Khirasra, Kandorna and 
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Khijdar is full of brecciated as well as rounded fragments and 
pebbles of amygdaloidal and compact basalts manifestly derived 
from the underlying bedded-lavas. In the map the bedded-lava 
areas are tinted green, while the short parallel blue lines over the 
green ground show where the volcanic rocks are covered by depo- 
sits of miliolite. 

The later eruptive rocks of the Deccan-Trap Period, which, as 
already noted, probably consolidated at the beginning of the 
Eocene epoch, mainly in the form of hypabyssal intrusions, as well 

as acid and basic volcanic dyke-rocks. 

The Later Eruptives or Hypa- constitute, perhaps,the most important 
byssal and other Dyke-rocks of v ^ . 

the Deccan-Trap Period. asset in economic stone that yet re- 

mains undeveloped- They include, 
among the hypabyssal members, a magnificent series of grano- 
phyres, which show every phase in the development of micropeg- 
matitic structure ; — sure signs of great strength in the texture. On 
the map, the granophyres, and granoph vric-felsites occupy sites 

coloured green witn small red crosses, 

Conventfonat Colours and where this is limned over with 

Signs on the Geological Chart of . - ■ j 

Porbandar State, short-blue parallel lines, it indicates 

that the granophyres are overlaid by a 

deposit of miliolite. The felsitic or cryptocrystalline phase, is in 

like manner shown by a green ground with red dots, and parallel 

blue lines to show the presence of miliolite deposits. Red 

crosses mixed with red dots on a green ground are used to denote 

intermediate phases, typified by granophyric felsites, and spheru- 

litic felsites. 

All of these hypabyssal rocks, namely the typical felsites and 
granophyres and their intermediate varieties constitute the vast 
bulk of the Barda group of hills, with their great spurs, and far- 
stretching outliers, the latter of which by reason of their accessible 
positions, offer exceptionally favourable sites for the opening of 
quarries. Quarry sites, capable of being profitably worked are 
marked on the map by small circles inclosing the registered num- 
ber of the particular kind of stone there to be found. 
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12. Falso-be<l(le(l Miliolite-base ResliiifJ directly upon the Denuded Surface of the Mountain=niassive, 
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Only one example of a basic volcanic dyke rock belonging to 
the later or closing days of eruption of the Deccan-Traps, has as 
yet been identified forming the very considerable nether hill ENE. 
of Ranawao Railway^Station ; and is indicated on the map by 
hatched red-lines. 

The Tertiary rocks are shown upon the map by orange-colour- 
ed patches to point to the presence either near the surface or as 
outcrops of Upper Miocene beds of marine and fluvio-marine ori- 
gin, which correspond in part with the fossiliferous limonilic 
limestones of the Gaj Group of Sind, and the lower portion of the 
Manchhar Group of Sind respectively ; while the Higher Tertiary 
(Pliocene) and probably the Lower Qjaternary ( Pleistocene ) 
or Glacial Period deposits, defined by FedDEN as the Dwarka 
Group of Kathiawar, is rendered yellow on the chart. Wherever 
these rocks are obscured by deposits of miliolite, the orange or 
yellow grounds are lined with blue. 

Lastly, all Recent or Sub-recent deposits are indicated on the 
map as follows: — Raw-umber for alluvial lands, river-terraces and 
recent conglomerates. Raw-umber with red dots, for blown-sand 
(dunes) and sea-shore sands. Raw-umber with red lines, for rais- 
ed-beaches and consolidated shell-sands of probably Pleistocene 
age. 

Rocks of economic importance or deposits of agricultural in- 
terest are localised on the map by small circles with the registered 
numbers of samples collected, for details concerning which, refer- 
ence to the list of samples should be made. 
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Fig. 13.— The Limestone •limit, Adatlana Heights, Barda Hills, Porbandar State. — \’u‘wed from the \IC, side 
or Adati.UKi appro.vhiiately otic ijiilf tbo extensive line ol Ouarrie^, — X to X, 300 led aho\e the 

mean sea-le\eh From a l^hufi^graph taken l)y K. Ho\v\kj> Adm:, 22nd Oetober, 1915. 
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ON 

THE ECONOMIO GEOLOGY OF PORBANDAR STATE 

BY 

E. HOWARD ADYE, F.G.S., etc., 

Director j Geological Survey of Porbandar State, 

September to November 1915* 


S INCE THE COMMUNICATION of the First Quarterly Report, 
geological reconnaissance work with special reference to the 
applied petrography of the State, was continued northward 
from a base-line, extending roughly from Porbandar City via Ada- 
tiana to the foot and nether eminences of the Barda Hills, as far 
as the boundary of Vandhra Jhar on the east, to the town of Kham- 
bhodar at the west. 


During these traverses, a couple of new types of rock were met 
with, which call for comment in this place, as they are represent- 
ed on the geological chart, now in course of preparation, by con- 
ventional colours not hitherto noted. These rocks are respective- 
ly the*' laterites ” and the " rhyoIites’’;-the former being shown on 
the map by patches of burnt-sienna and the latter by thin red lines, 
in short parallels, from NW. to SE., on a green ground. 


Etymologically, the name laterite is derived from the Latin 
word later brick; by reason of the characteristic brick-red colour 
of the material. Its resemblance to its prototype, goes still further, 


Definition of Laterite, and 
Laterisation. 


for it is usually hard and even slaggy 
and generally cellular in texture and 


structure. This definition holds true, 


in substance and in fact, for the bulk of the laterite as it obtains in 
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Porbandar State. In its perfectly fresh, undecomposed, condition, 
the laterite shows scoriaceous zones, passing insensibly into dense- 
ly compact layers ; with indications of joints, spheroidal shrinka- 
ges, veins of fissure and of intrusion ; all in exact counterpart with 
the phenomena to be observed in connection with the bedded-lavas 
of the Deccan-Trap Period. 

Laterite of a different kind, also occurs among bedded-lavas 
separating one stratum from another. At times, the dark-red mate- 
rial is only an inch or two in thickness, and generally quite hard 
Varieties of Laterite. and even vitreous , at others, these 

bands are several feet in thickness, and 
tolerably soft. These varieties of laterite have been shown to be 
nothing more nor less than burnt layers of soil or of volcanic dust, 
transformed by the passage over them of molten matter. When the 
decayed surface of one bed of lava is very thin, the flow of a suc- 
ceeding sheet, would naturally fuse that superficial layer into a 
hard bnck-like lamina, and a thin vein-like zone of sub-vitreous la- 
terite with an intimate, (microscopic), structure, closely resembling 
that of brick or red-earthenware, would result. On the other hand, 
when a considerable period of time has elapsed, sufficient to decom- 
pose the surface of a lava-bed into a fairly deep layer of soil, more 
or less saturated with meteoric water, and is then subjected to in- 
tense sudden heat from the overflow of a second sheet of lava, the 
sodden soil would likewise be converted into laterite ; but of a com- 
paratively soft consistency. It is doubtless in this way that the 
kind of lateritic substance called '' bole is formed. A variety of 
bole richly stained with ferric hydrate, or of degradation products 
in an earthy condition derived from laterite or other rocks and simi- 
larly coloured, furnishes the basis of the red-ochre of commerce,- 
otherwise rich-red, earthy haematite. 

Laterisation in an incipient condition may be observed in rocks 
of every description that have undergone intense sunbaking and 
monsoon conditions alternately for prolonged periods;-as inmost 
Incipient Laterite. moist and tropical climes. The harden- 

ing and changes of colour mostly due 
to the oxidation of the contained iron, in the superficial and some^ 
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Fig. Jhar. ” a Gorge in the Barda Hills of Porbandar State. I o point the pathway leadin.i^ over 

the Ihlls to the vale of Sathvirda, and to exliibit the typical pliysioKraphical features of hypabyssal formations. 
From a Photograph taken by K, How.VRt) Ai)\h, f.cj.s., 24th October, J915, F.— Nether hill of Felsite. G.~ 

Hill-spur of Granophyre. 
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times in the deeper portions of igneous as well as sedimentary or 
aqueous rocks, whereby many varieties of fawn-coloured, brown, 
red and purple ornamental stones of commercial value are yielded 
from originally grey and black or blue-black textures, ought to be 
familiar to the most casual observer ; and are all primarily due to 
the effects of laterisation arrested at an early stage. These may 
be witnessed in almost every type of rock gathered for the State 
collection ;~details of which will be recorded in the sequel, as soon 
as the laboratory determinations of samples can be completed. 

Metachemic changes, resulting in a complete alteration of the 
rock-mass into the substance technically termed “ laterite/* are 
most noticeable in connection with the bedded-lava formations of 

Laterite in Porbandar state. the State, on approaching its nor- 

theriy coastal regions. The laterite, 
originally in the form of rust-coloured caps to the hog-backed hill- 
ridges, which trend from the NW. to the SE., intermittently, have 
often been denuded so severely, that their remains are sometimes 
coincident with or below the level of the surrounding plains, -as at 
the south of Ranawao; or in long low elevations to the immediate W. 
of Bakharla. The subaerial decomposition of the lavas exhibits a 
pisolitic structure at places, -doubtless the vestiges of former amyg- 
dales in the scoriaceous zone of the lava bed ; while the subjacent 
compact, much-jointed laterite, corresponds of course, with the com- 
pact or central body of the lava. In the joints and fissures pervad- 
ing the mass, thin and thick separations of good iron-ore have ac- 
cumulated. Further decay, gives birth to the production of alumin- 
ous and ferromagnesian silicates and of disseminated lime; but re- 
cent researches have shown that most of the silica, alkalies and al- 
kaline earths are washed away by meteoric waters, leaving behind 
a hydrate of alumina stained with ferric hydrate, and mixed with im- 
purities liberated by the weathering and wearing-down of the rock. 

Another kind of laterite, noticeable at Bakharla, consists prin- 
cipally of a soft, earthy, duli-red rock, sometimes hardened by no- 
dules of iron-ore, which it would be difficult to account for, except 
by a close observation of the overlying strata. The laterite siibstra- 
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turn, in this case, probably fully formed in early Eocene, or, at all 
events, Pre-Miocene times ; was subsequently overlaid by Gaj (Mio- 
cene) or Dwarka (Pliocene) beds, in the form of a conglomerate 
composed largely of pebbles and fragments from the laterite ; and 
this, in its turn, capped by compact limestones of Tertiary age 
which were denuded down to almost vanishing point, was overlaid, 
in Pleistocene days, by a deposit of miliolite ;-of which only tra- 
ces now remain. The re-exposed conglomerate of laterite-pebbles, 
supercharged with inflltered lime, must next have been indued with 
diffused ferric hydrate stain, and the whole finally sunbaked and 
alternately water-soaked, to produce a highly-calcareous dull-red 
laterite. When the laterite pebbles remain practically unchanged, 
and the authigenous lime is recrystallised between them to form a 
compact texture, an exceedingly beautiful stone, resembling a red 
granite, results, to which the writer has given the name “ Habardi- 
Ute”, from its having been first found and utilised, in the neighbour- 
hood of Habardi in Western Navanagar. 

Habardilite, the original variety of ornamental stone derived 


directly from laterite, and described and figured by the writer in 
his ‘‘ Memoir on the Economic Geology of Navanagar State.”* as a 

laterite-conglomerate, easily tooled and 
from Laterite. capab.e of being polished, has clear- 

ly been shown to originate by the de- 
position of beds of miliolite-limestone, probably during the Pleis- 
tocene Age, upon a substratum of depressed and disintegrating la- 
terite. 


In other regions, where the already formed laterite was fast 
subsiding in a Tertiary sea, and covered by deposits of limonitic- 

limestone, the pebbles and fragments of the underlying laterite, 
would similarly be cemented together by limonitic-Iime ; and, upon 

its subsequent elevation and consolidation, would naturally yield 
laterite-conglomerates and breccias of a distinctive character de- 
pendent upon the nature of its binding matrix. 

Material of the abovenoted description was found to be present 
in tolerably large development in the neighbourhood of Tukra on 

* pp. 204 - 206 . Plate XXXIL 
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(i.tj, (Miocotiej, Gnnip of Hi'ds. D. -llwarkji, (Plio I'‘Ieistot’crte}, Group of J^eds, .shouiiiii' ‘ Mroakers ’ at B., and tlie Corrd- 
roef at C. 'Fhe t own of Mifini, T., is nIiou n restin.Lr upon Ikasal-beds, M., of Aliliolite of Pleistocene Aije. P. — I.evel Datum 
Pillar. Q.— Ouaria in the Aliliolite at 1 he S. sidi* of the town. S. --Sand-dunes overl\ in^" the Dw.'irka Beds and o\erlappini; 
the Mi)it>)ite. 
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the Porbandar State coast, and has therefore been designated Tiik- 
ralite, in anticipation of its being found, when properly prospect- 
ed, to yield sound ornamental stone in sufficient quantity to justify 
its being placed upon the market. Tukraiile may therefore be cor- 
rectly assigned to the Miocene Age. 

Other ornamental stones indirectly due to the presence of late- 
rite, are also found in small local development in various situations 
overlying the coastal and sub-coastal caps of laterite in Porbandar 
State. These are mainly of the nature of laterised pisolites and 
pseudo-oolites, sometimes of extreme beauty and sufficiently com- 
pact and indurated to take a good polish ; but have hitherto been 
only found in a fragmentary condition, capable however of being 
utilised for the production of small ornaments such as vases, clock- 
cases, paper-weights, etc. There can be no doubt that these stones 
are simply organic limestones heavily stained by the iron from the 
laterite upon which they were deposited. Coarse pisolitic-laterite 
as it may be called, occurs in tolerably large broken blocks, on the 
summit of a hillock Vz mile NNW. of Tukra, and is evidently a la- 
terised, Tertiary, fossiliferous limestone ; while the pseudo-oolitic 
laterites, are in the same way, nothing more nor less than laterised 
miliolite-limestones. 

From the foregoing observations, it may be gathered that the 
name laterite has been well-chosen to signify simply burnt or 
baked mineral-matter, often in the presence of moisture ; but more 
Origin of Laterite. frequently by the analogous processes 

of alternate intense sunbaking and 
monsoon conditions. This inference however, is insufficient to ac- 
count for the peculiarly limited areas in which the main masses of 
laterite are found ; namely, as caps along definitely restricted rid- 
ges or isolated areas ; while precisely Similar rocks adjoining, re- 
main unchanged. 

To account for this apparent anomaly, many persons are con- 
tent to simply call it a “ freak of nature while others, more phi- 
losophically inclined, attribute the change properly called “ lateri- 
sation,'^ to metasomatism caused by some yet undiscovered germ or 
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Other organism, which, by living and thriving on the rock,posses- 
ses the power of breaking up its silicates in such a way that the 
silica Can be carried away by percolating waters; while the hydrat- 
ed alumina and oxide of iron segregate, to cement all other pro- 
ducts of decomposition or partially altered particles into the cellu- 
lar red and mottled-mass familiarly called “ laterite.” 


The segregation of the iron oxide, usually manifests itself in 
the form of superficial crusts, sometimes of considerable thickness, 
and these are mostly found continuous with secondary vein-like 

separations and subsidiary veinletsof 
more or less pure haematite, which run 
along the fissures of former joints, and 
cracks therefrom; so that the entire mass may be eventually involv- 
ed in a meshwork of iron-ore. 


Special and Subordinate Uses 
of Laterite. 


It thus “ falls out,'^ that laterite may become the seat of rich 
developments of haematitic iron-ore of excellent quality ; and one 
fairly good local ity, known to this day as the ^‘Iron-mines site”, to 
Iron-ore from Laterite. immediate W. of the village of Ba- 

kharla, was formerly, (about a century 
3^0), a flourishing centre of the iron-smelting industry in Porban- 
dar State. These so-called “ iron-mines,” consisted in a number of 
small pits of from 4 to 6 feet in diameter, dug haphazard into the 
superficial laterised conglomerate and the underlying massive late- 
rite, to depths rarely exceeding lO or 12 feet. When the industry 
was abandoned some seventy years or more ago, on account of the 
cheapness of imported iron, the pits were desultorily filled in with 
rubbish by the villagers, presumably to prevent accidents to stray- 
ing cattle ; or, as likely as not, to close the shelters thus afforded, 
against the undesirable vermin, -jackals, porcupines, mongooses and 
snakes,— in which the countryside unfortunately abounds. 

It is not at all probable that the defunct iron industry, at the 
Bakhaila site at all events, will at any future time be revived; al- 
though it is commonly rumoured that the smeltings yielded a bet- 
ter quality of iron than the present supply of imported metal. There 
are other sites, however, belonging to the great lateritic belt, of 
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USES OF LATERITE 


which the Bakharla site is but a small outlier, where the ore oc- 
curs in such profusion, that it would doubtless be commercially 
possible to erect a few small blast-furnaces and keep them profit- 
ably active. 


Alum and Aluminium from 
Laterite. 


The interspaces between the meshes of separated iron-ore not- 
ed above, are commonly filled with impure segregations of whitish 
alumina hydrate ; which, however, as frequently become stained 

more or less heavily with ferric hyd- 
rate. This material appears to be close- 
ly related to, if not identical with the 
substance called “ Bauxite/’ which was discovered and originally 
utilised at Baux-pres-Arles, in the south of France, for the manu- 
facture of alum and aluminium on a commercial scale. It does not 
occur in either sufficient quantity or purity in the neighbourhood of 
Bakharla; but there is nevertheless a tolerably large development 
thereabouts of a soft dull-red laterite, clearly shown by gradual 
transitional forms to be derived directly from the superjacent beds 

of limestone-conglomerate originally 
crowded with lateiite pebbles and 
fragments, which has become so hea- 
vily indued with ferric hydrate, and holds such a large proportion 
of decomposed pellets of hydrated alumina, as to furnish a goodly 
supply of refractory material, which it is suggested, might be turn- 
ed to good account for lining furnaces. 


Impure Laterite suggested as 
suitable for Lining Furnaces. 


The segregative power of the hydrates of alumina and iron in 
laterite has served to endow the material with physical properties 
which have been taken advantage of by engineers and others, in 
Mfnor Uses of Laterite. localities where road-metal of good 

quality is scarce. It was found that 
when lumps of laterite are wetted, laid and compressed by rollers, 
they speedily unite to form a firm, level and resilient surface, in 
every way adapted for ordinary roadways that are not subjected 
to severe and heavy traffic. If properly drained, such roadways, 
by reason of the porosity of the laterite top-dressing, can be kept 
comparatively free from slush during wet-weather ; but when the 



32 


ECONOMIC GEOLOGY OF PORLANDAR STATE 


dry-season sets in, and high winds prevail, the clouds of red-dust 
from such roadways, have only too often been vetoed as an unmiti- 
gated nuisance. Laterite however, has found favour elsewhere for 
the building of culverts ; but, by reason of its otherwise desirable 
attribute of porosity, and the excess of iron which it bears, can be 
but of little if any use to the agriculturist or rural economist. This 
is strikingly borne out by the paucity of natural vegetation, and 
the stunted shrubs and trees found in lateritic regions. 

In a country so rich in building-stones as Porbandar State, the 
lateritic rocks are not likely to be utilised even locally, except for 
the erection of piled-up stone-walls ; but it may be noted, in pass- 
ing, that on the Malabar coast and in the island of Ceylon, laterite 
is largely used for the building of dwellings. In this connection 
Mr. John Watson of Cambridge records,"^ that : — “When first 
quarried the rock is so soft that it can easily be cut out with a pick, 
sometimes even with a spade ; but it hardens greatly on exposure. 
When the stone is sufficiently hardened after being quarried, it is 
then chipped or chiselled into shape and used for building. It sel- 
dom attains a hardness which will enable it to resist the decaying 
influences of the weather, so it is usually covered with plaster or 
mortar as a protection. In the coastal districts, however, many tem- 
ples, some of considerable antiquity, are built solely of laterite, and 
appear to have stood well.'' Concerning Ceylon, he further notes:- 
“ Many native houses on the island are built of this material. When 
protected from the weather by a coating of mortar, which is usually 
composed of two parts of sand to one part of coral lime, these build- 
ings prove to be very serviceable.” 

Turning now briefly to the second commodity of economic im- 
portance noted above ^namely, the Rhyolites of Porbandar State, ^ 
the following observations may be taken as fairly exhaustive of 
The Rhyolites of Porbandar state. the subject ; as this particular type 

of rock appears to be strictly limit- 
ed to a few low-Iying dyke ridges, bordering, at a distance of 
1T2 miles, the extreme western base of the Barda group of hills. 

British and Foreign Building Stones,” Cambridge University Press, 1911, 
pp. 240-242. 
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The dykes trend practically N. and S. for a distance of nearly two 
miles above ground from the N. of Khistri to the W. of the village 
of Nagka; and exhibit sundry diverticula from ESE. to WNW., the 
principal of which stretches from a point 3 furlongs SW. of Nagka, 
for a distance of about 3 furlongs WNW. to vanish and then reap- 
pear on a level with the ground, about a mile farther WNW., in 
Navanagar territory. This diverticulum, appears to be differentia- 
ted at places into vitreous bands of obsidian of a black and some- 
times brownish colour en masse, as shown by detached fragments 
here and there that have found their way to the surface; and, it 
may be noted, in this connection, that an essentially similar dyke 
belonging to this formation, is exposed ; with a typically-formed, 
wide band of black obsidian immediately NNE, of the village of 
Rojhra in Navanagar State, which lies only niile to the W. of 

the middle portion of the main N. and S. 

Occurrence of Obsidian. rhyolitic intrusion. The glassy bands of 

obsidian are found to occur alternating 
with the commonly lithoidal rock in the same lava-flow ; while at 
the edges of the intrusive mass more particularly, and where the 
rock is subjected to contact metamorphism by the subsequent in- 
trusion of basic dykes, the texture becomes indurated and frequ- 
ently, closely banded. 


With special reference to the occurrence of obsidian in Por- 
bandar State, the following extract from the writer’s reconnaissance 
notes, may here be incorporated with advantage : — ‘*While tracking 

the northward course of the main rhyoli- 
Exceptioflally fine Expo- , , . j. . 

sure ol Obfldiaa near Majka. tic dyke from Yz mile WS W. of Nagka to 

its apparent termination 500 yards W. by 
age, it was noticed that the stray fragments of ob- 
with, amid the superficial shingle of the dyke, 
ad it was therefore expected that an outcrop 
1 be detected. In swerving slightly eastward, 
the dyke is eroded to its very centre by the channel of the Orio 
Vokala, and affords thereby an exceptionally good view of its sub- 
vertical columnar jointing which a photographi Fig. 10| wag 


WNW. of th. 
sidian were^ 
more frequenfi. 
thereof would sc 
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taken. It is thereafter obscured by a deep layer of soil ; but mani- 
festly narrows down, to be re-exposed in a remarkable manner by 
the erosion of a tributary ndla to the Orio Vokala, some 350 yards 
WNW. of Nagka. At this part, which is evidently the termination 
or forked termination of the dyke, the banded character of the 
rhyolite becomes extremely perfect, being differentiated into zones 
of fissile, black obsidian intercalated with much jointed slabs of 
highly indurated lithoidal rhyolite ;-the entire mass being charac- 
teristically contorted by its flow, and adapting itself to the sinuo- 
sities of the fissure through which it was forced, as shown by the 
photograph, Fig. II. 

It is more than pro bable that the rhyolite dykes of Forbandar 
State, located above, emerge farther westward to spread out into 
beds or sheets of lava ; as it has been found and recorded by the 
writer,^ that the WNW. diverticle from the N. & S. dyke, about 
mile SW. of Nagka, runs aboveground, for fully three furlongs, to 
vanish, and then reappear on a level with the land, midway be- 
tween Hathla and Rojhra in Navanagar State. The rhyolite at 
this part is of a ruddy-brown colour and rough trachytoid texture, 
exhibiting marked flow-structure at places and pervaded, after the 
fashion of basic bedded-lavas, with columnar joints and spheroidal 
shrinkages. 

When molten mineral matter consolidates upon or near the 
surface of the earth, that is, by more or less rapid cooling and un- 
der conditions of comparatively low pressure, the resulting rocks, 

whether of the nature of extruded lava- 
Oelinitioaof the Name "Rhyolite.” flows, or intrusive sheets, dykes, etc., 

are classified by petrologists as of 
Volcanic or Eruptive in contradistinction to the mo]^ deeply seated 
Hypabyssal rocks already treated of, and the!!?i 7/ or Plutonic 
rocks of holocrystalline texture formed atiKJoi "able depths 
within the earth’s crust. - r-n 

Volcanic rocks, moreover, are, for the sak^ A coventional de- 
scription, separated into several by reason of predominat- 


+ "Memoir, Economic Geology of Navanagar State,” Bombay, 1914, p. 42. 
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ing peculiarities. Primarily they are, like the rocks of abyssal and 
hypabyssal origin, divided according to their chemical composi- 
tion into acid, intermediate, basic and ultra-basic groups. Again, 
among the acid volcanics, subdivisions were instituted, based upon 
physical distinctions, to consUinte families, and the now generally 
accepted name Rhyolite, from the Greek rheo, to flow, and Uthos, a 
stone, was happily chosen by BARON F. VON RICHTHOFEN*, to ex- 
press the circumstance Xh'Siifloiv structures usually characterise the 
members of this family of rocks. 

As already noted, the acid volcanics or rhyolites of Porbandar 
State are divisible into three main varieties ; of which the first, or 
glassy kind, obsidian, is of scientific interest rather than of com- 
mercial imnortance. As museum speci- 
Rbyolltci of Porbandar State. mens and for purposes of instruction, 

the stone may be said to have a mar- 
ket-value ; while its outward resemblance to coal has more than 
once proved to be disastrously misleading. For instance, the small 
outcrop of black obsidian by the roadside at Rojhra in Navanagar 
State, was, to the knowledge of the writer, recently reported upon 
by more than one so-called native geologist to be coal of an in- 
ferior quality ; while, in the neighbouring State of Gondal, at 
Osham Hill, another native incurred considerable expense by 
sinking a well-shaft for several feet, and extracting many tons of 
black volcanic glass, before he was made aware of his mistake. 

Towards the edges of the great dykes and also in the narrow- 
er vein-like intrusions of rhvolite in Porbandar State, the rock 
frequently exhibits a strikingly banded-structure and at the same 
time becomes markedly indurated so as to furnish a highly polish- 
able material of beautiful appearance, capable of being utilised 
for the manufacture of quaint and ornamental smallwares. It is 
very doubtful, however, whether sufficiently large and continuous 
supplies of such material can be depended upon; but at all events, 
the occurrence of such stone is worthy of being borne in mind for 
future developments. 

• JahrbKch der k, k. Geol, Reichsanstalt, i860, Bd. XI, pp. 156, 165. 
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Lastly, the bulk of material forming the great rhyolite-dykes 
of Porbandar State, is constituted by their central cores of densely 
compact, vertically jointed and transversely cracked stone, which 
sometimes exhibits spheroidal shrinkages. In a perfectly fresh 
condition, the ground-mass of the stone is of a subdued greyish 
colour flecked with very small whitish specks of felspar crystals. 
When weathered, the colour of the stone changes more or less 
deeply, into shades of fawn and brown tinged with purple and 
roseate hues ; while the edges of the dykes are prone to become 
cleaved, and their surfaces to show fluxional-structure, resembling 
the ‘grain* in wood, and a rough or trachytoid appearance to the 
naked eye. 

Under the name of “Light Volcanic Rocks*’ rhyolites have 
been largely used in the United States of America* for general 
building purposes; and there is no reason why the excellent exam- 
ples now found in Porbandar State should not be similarly utilis- 
ed ; seeing that if quarried from the central portions of the dyke, 
large building blocks are easily available ; and, unlike the felsites, 
which they approximate in chemical composition and outward ap- 
pearances, are capable of being readily tooled in any direction. 

Rhyolite wastage, the rubbly portions at the borders of the 
large dykes and the abundant angular shingle almost invariably 
found on the slopes of the long, low ridges, although not to be 
compared with granophyre wastage for road-making operations, 
are, in every respect equal, and frequently superior to the basic 
volcanic dyke rocks for “metalling;” and preferable to the much 
harder felsites by reason of being less splintery. 

Apropos of rhyolites or acid volcanic lavas and felsites or 
cryptocrystalline rocks of hypabyssal origin, much misconception 
has hitherto prevailed even among expert geologists, as to correct 
nomenclature. Many rhyolites of homogeneous texture have fre- 
quently been described as “felsites;” simply because hand-speci- 
mens, even when chemically analysed, show that they are com- 

* Stone Industry,'^ Mineral Resources of the United States. Part 11, Noometali, 
Washington, 1914, pp. 1384, et sequentes* 
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posed of an intimate admixture of felspar and quartz. It is there- 
fore desirable to draw as sharp a line of distinction as possible be- 
tween these two types of rock, especially in a region where both 
are well represented almost side by side, and therefore liable to 
occasion confusion. The following observations and suggestions 
are therefore offered for the information and guidance of economic 
geologists : — 

It is suggested that the term Felsite, shall be exclusively reser- 
ved for rocks of undoubted hypabyssal origin ; and that Rhyolite, 
in like manner shall be applied only to truly acid volcanic rocks. 

The rough and ready tests in the 

Difference! between Rhyolites ^ , , , , , 

and Pelsitca, field are that, whereas a large block 

or boulder of felsite may, and when 
quite fresh usually does effectually resist the blows of a sledge- 
hammer, an equally unweathered block of rhyolite can always be 
readily trimmed with an ordinary stone-breaker’s hammer. Both of 
the specimens, when of homogeneous, compact texture may break 
with a conchoidal fracture ; and, when more or less porphyritic, 
with uneven surfaces. 

In the laboratory, the felsites will be found to be intensely 
hard, capable of resisting severe wet or dry attrition, but prone to 
be splintery under great stress or sharp impacts ; while their speci- 
fic gravity usually exceeds 2‘6, The felsites, on the other hand, are 
comparatively soft, can be easily ground down when subjected to 
attrition on a carborundum wheel, and generally show a specific 
gravity of 2’5, which, in specimens altered by contact metamor- 
phism or devitrification may rise to 2*6. 

Under the microscope, both felsites and rhyolites of homo- 
geneous texture may exhibit a cryptocrystalline structure ; but 
whereas the felsites are prone to foreshadow or even to display an 
ultra-microscopic, micropegmatic or microspherulitic texture, and 
disseminated specks and crystals of magnetite and ferro-magne- 
sian minerals, the rhyolites are generally characterised by an abun- 
dance of microlites and crystallites orientated to indicate flow- 
structure ; and, particularly in the very vitreous varieties, exhibit 
spherulites and perlitic cracks. 
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It will now be gathered that the comparatively limited deve- 
lopment of rhyolites in Porbandar State are only manifested in the 
form of a few dykes, comprised within the area from Khistri to 

Nagka and thence for a few furlongs 

Mode westward ; while they do not appear 

Origin of the Rbyolites of Porban- 

dar State. to extend in any direction for more 

than about four miles from the base of 
the Barda Hills, which may be presumed to have stood as the 
focus of their eruption in Eocene times. 

This proximity to the source of eruption, is in strict accor- 
dance with the physical properties, chemical composition and 
other ascertained facts concerning rhyolites in general; for, it has 

repeatedly been observed, and tersely 
The Sequence ol Volcanic Lavas, summarised by PROFESSOR JOHN vV. 

Judd, F. R.S.,* that: — “ the undoubted 
fact that in so many volcanic regions the eruption of andesitic and 
trachytic rocks, which are of intermediate composition, is follow- 
ed by the appearance of the differentiated products, rhyolite and 
basalt, which are of acid and basic composition respectively, lends 
not a little support to the view that under each volcanic district 
a reservoir of more or less completely molten rock exists, and that 
in these reservoirs various changes take place during the long 
periods of igneous activity. During ihe earlier period of eruption 
the heavier and lighter elements of the contents of these subterra- 
nean reservoirs appear to be mingled together ; but in the later 
stages of the volcanic history of the district, the lighter or acid 
elements rise to the top, and the heavier or basic sink to the bot- 
tom, and we have separate eruptions of rhyolite and basalt/^ 

Acid lavas, among which the rhyolites furnish a first type, are 
comparatively more or less viscous, and consequently apt to ac- 
cumulate as dykes or lava-flows in the immediate vicinity of the 
seat of eruption ; while the more mobile basic magmas in a molten 
condition, which follow in their wake, naturally run past, often to 
great distances, frequently in the form of dykes of enormous vo- 

Volcanoes,” /th Edition, London, 1907, pp. 202, 203. 
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lume, traversing the rocks of the countryside for many miles around 
the focus of eruption. This indeed, is exactly what has happened 
in the case under consideration ; so that, from the evidence collec- 
ted by Fedden* aad the present writer,; the following brief ac- 
count of the formation of the Barda group of hills and their out- 
lying eminences may here be recorded, with a view to elucidating 
problems or explaining occurrences that are likely to arise in the 
sequel. 

Favourably situated within easy distance of the city of Por- 
bandar, with railroad facilities around and along its southern base 
and direct roadways leading to places of vantage capable of be- 
ing developed for the exploitation of 

B.?dXS‘o{ '’liiiu““o ‘ Port valuable stone resources, 

bandar State. the Barda group of Hills occupies a 

practically oval area, with a N. to S. 
major axis of about 14 miles, and an E. to W. minor axis approach- 
ing II miles in length, which lies but nine miles distant NE. of 
Porbandar Port.The relief of the hills, their principal altitudes and 
drainage channels, are depicted in detail upon the geological chart 
which accompanies this report. 

By far the largest portion of this immense area, -about two- 
thirds of it,-still belongsto the State of Porbandar. This comprises 
fully two-thirds of the central zone above the minor axis, and the 
whole of the southern half of the space below that line. The lofti- 
est hills of the group, at present practically inaccessible to mining 
and quarrying operations, are located towards the northern por- 
tions of the group and without the boundaries of the State ; but an 
incalculable advantage is manifestly gained from this circumstance, 
inasmuch as the tailing-down of the hill-slopes, their innumerable 
spurs, outliers and nether eminences to the S., SE., W. and SW., 
afford numerous excellent and easily accessible quarry-sites for the 
excavation and utilisation of an exceptionally large and varied 
range of economic stones, which only require to become generally 

* Memoirs, Geological Survey of India, Vol. XXI, Part 2, Calcutta, 1884. 

t Op. ciU, ut suprat p. 38. 
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known, to be eagerly sought for by intelligent and progressive 
builders, architects and engineers throughout the length and breadth 
of Imperial India. A detailed description of the nature and uses, to- 
gether with optical determinations and photomicrographs of types 
and special varieties of these stones, coupled, as far as possible, 
with commercial statistics will be afforded in the sequel. 

From the researches of W. T. Blanford* in Peninsular India, 
and the subsequent work of F. FEDDENt in the Province of Kathia- 
war, it is now generally recognised that the great Deccan-Trap 

Period, towards the close of which 
^^Oeo^ogic.lAie 01 the Bard. Group the Barda Group of hills came into 

existence, must be assigned as com- 
ing somewhere between the Upper Cretaceous and Lower Eocene 
times of the European Geological Record. 

Without entering into details, which would be out of place in 
this connection, it may be briefly stated that overwhelming evi- 
dence has been gathered to show that the Province of Kathiawar 

in Upper Cretaceous days must have 
The Building of the Bardas. been literally deluged from end to 

end by intermittent outpourings of 
molten matter, seething forth from fissures in the earth’s crust ; to 
consolidate, upon cooling, into vast accumulations, now manifested 
by the bedded-lavas, which constitute the largest portion of the 
* country-rock ’ of the Province. 

Towards the cessation of volcanic eruption, probably with the 
dawn of the Eocene Epoch, a few deep-seated foci were left active ; 
and it is certain, at all events, that one or more of these must have 
been situated in the region now occupied by the Barda Hills. A 
period of severe and prolonged denudation must next have set in, 
to sweep away almost every trace of accumulated ashes, agglome- 
rates and tuffs, and to leave naught but the wreck of a huge vol- 
cano behind, shorn to the very core, and subsequently worn down 
by epigene reactions into a group of hypabyssal hills, with dykes 

* ‘Records of the Geological Survey of India/ Vol. V, Part 3, 1B72, p. 92. 

t • Memoirs of the Geological Survey of India/ VoL XXI, Part 2» 1884, pp. 19-35, 
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and sheets of acid-lavas or rhyolites in contiguity, and later deve- 
lopments of far-reaching intrusions of basic-lavas, which are found 
to cut through the older series of bedded-lavas for many miles 
around. 

By way of a brief digression, with a view to rendering other 
matters of geological interest clear, it may be noted that it was 
during this phase of the building of the Bardas, or, at any rate in 

early Tertiary times, that profound 
The Evolution of Laterlte. metachemic changes supervened all 

along the coastal areas of the Pro- 
vince, from Bhavnagar and around by Porbandar to the limits of 
the Talukaof Okhamandal and a trifle beyond, well into the ter- 
ritory of Navanagar State. The majority of the summits of the 
hog-backed hills and ridges of bedded-lavas were attacked, pre- 
sumably by alternations of intense heat, (powerful sun-baking), and 
aqueous supersaturation, { ultra-monsoon conditions ).This regional 
reaction would be quite sufficient to account for the laterisa- 
tion of the then exposed areas of bedded lavas along and about 
the coastal countryside ; while subsequent denudation would as 
amply explain how it came about that only the caps of hills and 
isolated patches of rock-plain became converted into laterite, while 
their contiguous bases and adjoining grounds remained unchanged. 

There cannot be the vestige of a doubt that the laterites of 
Kathiawar were formed in Pre-Miocene times, for there are well- 
marked evidences of their being overlapped by beds of fossilifer- 
ous limonitic-limestones belonging to the marine Gaj Group of the 
Miocene Period, notably in the neighbourhoods of Tukra, Visa- 
wara and elsewhere in Porbandar State. The presence of these 
coastal Gaj beds, of course, indicates a subsidence of the shore 
lands of Porbandar State, encroaching inland for a considerable 
distance, and possibly quite as far up as to the base of the Barda 
Hills, to the building of which they indirectly contribute, as will 
be shown in the sequel; while their characteristic yellow-colour, 
is unquestionably due to limonitic staining derived from the libe- 
rated iron oxides of the laterite upon which they were principally 
deposited. 
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Commercially considered, these Gaj beds are of distinct im- 
portance; inasmuch as when segregated into sufficiently thick beds 
of compact and excessively fine-textured rock, they yield ornamen- 
tal stones, which would be eagerly 

Commercial Products of fbe Qaj sought for if nronerlv exnloited For 
Group of Miocene Beds in Porban- sougnt lor ii propeny expiouea. ror 

dar State. example, a particularly fine stone, 

belonging to this type, of a rich cin- 
namon colour, uniform, compact texture and capable of being po- 
lished or delicately carved, has recently been named Bhdrwdralite, 
by the writer, to denote its occurrence in merchan table quantity in 
the vicinity of the village of Bharwara. Then again, when reduc- 
ed in the subsoil zone to the condition of a uniformly soft bright- 
yellow marl, as at the eastern outskirts of the village of Palakra, 
the marketable material known as yellow-ochre is yielded, and 
much esteemed for the preparation of distempers or conversion 
by calcination into the pigment technically termed ‘ light-red/ 

The submergence of the coastal regions during the Miocene 
must manifestly have been prolonged right through the Pliocene, 
and possibly, well into the Pleistocene Age ; for the Gaj limonitic- 

limestones appear at numerous loca- 
Porbandar State. to be overlaid without any 

break in succession or conformity 
by other beds that gradually depart from a Miocene facies both in 
lithological characters and fossil contents. It was for these rea- 
sons that Fedden* found it desirable to group them together un- 
der the denomination of “Dwarka Beds,'' on account of their best 
development near the port of Dwarka in Okhamandal. 


In Porbandar State, to the north of its capital-town, the beds 
of the Dwarka Group are found outcropping over a very consider- 
able area, shown by a yellow tint upon the Geological Chart; from 
which it will be gathered, that, like the underlying Gaj Beds, they 
are practically sub-coastal, and rarely encroach inland for more 
than about 7 miles. The beds in Porbandar State vary very much 
at different localities ; while the natural exposures and well-shafts 


* ‘ Memoirs of the Geological Survey of India,* Vol. XXI, Part 2, 1884, pp, 51-53, 
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do not afford sufficient data upon which to divide them into sub- 
groups. Nevertheless, there is sufficient evidence in all cases, to 
enable one to assign any particular bed, or sequence of beds, to the 
major group. 

For example, at the port of Miani, the westward scarp of the 
Meda Creek upon which the Level Datum Pillar stands, shows a 3 
to 6 ft. scarp of coarse honeycombed miliolite-limestone, resting 
upon a 10 ft. cliff of a compact, shelly but flaggy limestone, one part 
of which appears to be coralliferous. These beds directly overlie a 
substratum of brecciated fossiliferous conglomerate, full of frag- 
ments of very characteristic Gaj limonitic-limestone, which at once 
serves to proclaim its own-age, as well as that of the beds betwixt 
itself and the capping of miliolite, to belong to the period of the 
Dwarka Group. 


Fringing Coral-reel at Yisawara 
Creek-moutb. 


Another, somewhat similar, but more extensive exposure at the 
mouth of Visawara Creek, a trifle over 6 miles farther SE. on the 
Porbandar State coast, shows the remains of a large fringing coral 

reef, (capped by a local gritty bed 
surmounted by miliolite), which was 
clearly grown upon beds essentially 
similar to those forming the Creek-scarp at Miani. These rocks 
rest upon a compact, light-coloured, flaggy limestone, the precise 
nature of which awaits determination, but which undoubtedly also, 
is of Post-Miocene age. Closely resembling, if not identical with 
this last-named rock, there may be seen large slabs of stone, azoic 
to the naked-eye, which crown the summit of a hillock, 5^ fur- 
longs NNE. by NE. of the coastal village of Tukra and some 2^ 
miles NNW. of Visawara Creek-mouth. The basement beds of this 
stone gradually pass below into a fossiliferous conglomerate, and 
this, in its turn directly overlies beds of Gaj limonitic-limestone ; 
so that evidence is here afforded that the former belong to the 
Dwarka Group. 


Still farther south-eastward, as at Sirinagar, Katela, Kunchri 
and Porbandar-City, as well as inland in the directions of Degam, 
Kolikhara and on the road to Ranawao, the outcrop of the pale- 
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coloured, almost white flagstones grows more and more pronounc- 
ed ; and if any further confirmation 
DwarkaGrouy. were wanted to show that these be- 

long to the Dwarka Group, it may 
be noted that many instances have been recorded in detail of their 
direct superposition over well-marked beds of Gaj limonitic-lime- 
stone in the monthly reconnaissance reports on the structural geo- 
logy of the State* More especially on the surface at the NNW. 
side of Sirinagar and in well-shafts in the neighbourhoods of such 
widely separated situations as Renawara, Degam, Kolikhara and 
Bokhira are these occurrences made plainly manifest. 

Alongside the stretch of sea-shore from Kunchri to Porbandar- 
City the abovenoted Dwarka flagstones, are overlapped by an in- 
considerable thickness of consolidated and consolidating shell- 

sand ; but farther inland, the upper 
Russet-coloured, Rubbly, Lime- ^ l j 

stone of the Dwarka Group. zone of the group is characterised 

by a more or less deep russet-colour- 
ed, much cancellated, sandy limestone ;-the precise nature ofwhich 
remains to be determined by microscopical examination. This 
stone, together with considerable depths below of a rubbly cong- 
lomerate, may be seen to advantage in sundry deep well-shafcs im- 
mediately ENE. of Katela and in the SE. outskirts of Sirinagar; 
while superficial outcrops occur all the way from the east of Bo- 
khira to the old site of Arniala and beyond. 

The total thickness of the Dwarka Group of beds is stated by 
FEDDEN*,-who had the opportunity of examining the entire forma- 
tion, -to be inconsiderable ; but, even in its very limited develop- 
ment in Porbandar State it presents 
Commercial Products of the Dwarka, ^ . 

PUo-PieistoceDe, Group of Beds. Quite a varied assortment of rocks ; 

which, taken generally, exhibit a 
littoral or at most a comparatively shallow-sea origin, and are 
constituted chiefly by conglomerates, a few fossiliferous zones, con- 
solidated shell-sands, compact rubbly-rocks and flagstones fre- 
quently false-bedded. 


* Loco citato, p. 51- 
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The consolidated shell-sands occasionally yield sound blocks 
of whitish and pale-grey stone of compact granular texture, easily 
tooled and polishable ; but, as a rule are seldom available in thick- 
nesses of more than 4 to 6 inches. More frequently, they yield an 
abundance of tough, rubbly stone, which has been very largely uti- 
lised for local road-metal, but is not sufficiently durable to com- 
mand export market prices. The russet-coloured, rubbly, indurat- 
ed limestones of the group, are likewise extensively employed local- 
ly for road-making, by reason of their abundance and cheapness. 
On the other hand, the pale-coloured flagstones, which, by the way, 
sometimes present dark grey-brown and even blackish varieties, 
( as recorded in the reconnaissance reports), very often bear being 
extracted in large slabs of considerable thickness, and are in great 
local demand for cutting into building blocks, for the foundations 
of dwelling-houses. These are variously known according to their 
sites, as “ Kunchri-stone'’, “ Degam-stone,’' but, needless to note, 
they do not command prices sufficient to justify exportation. 


Subsidence of the Province dur- 
ing tbe Pleistocene Period. 


It is more than probable that the upper zones of the Dwarka 
Group, which present a still unclassified foraminiferal facies, 
were deposited in early Pleistocene times, during which there must 

have been a general elevation of the 
land throughout the coastal regions 
of the Province ; inasmuch as they 
now obtain in the form of raised-beaches. Subsequently, however, 
after they had undergone appreciable erosion; frequently having 
been swept entirely away at sundry places, so as to leave the 
underlying Gaj Group of beds exposed, it is manifest, that during 
the close of the ‘ Great Ice Age’, a universal subsidence, not mere- 
ly of its coastal regions, but of the entire Province, must have 
supervened. 


There are evidences everywhere, in confirmation of the fact 
that this general depression gradually took effect from SW. to 
NE., thereby causing a submergence of the whole of the Province, 
with the exception of its extreme north-eastern districts. The sub- 
sidence of the land must indeed have been so stupendous as to 
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have left naught but the summits of its hills in the semblance of 
islands studding the Pleistocene sea; and, upon the subsequent re- 
elevation, which is even now progressing, unmistakable records of 
devastation and regeneration have left their impress upon the 
physiographical features of the countryside ; its hog-backed hills 
of bedded-lavas, wide stretches of rock-plains, and the indelible 
limitation-lines of sedimentary deposits upon its highland slopes. 

Sub-aerial denudation coupled with the wearing away of the 
coastal and adjoining rocks, right up to the base of the Bardas 
during Tertiary and early Post-Tertiary times must surely have 
altered the general configuration of the lower lying and coastal 
lands of the country ; but during the critical period of its subsi- 
dence in Pleistocene days, the whole of the submerged regions 
must likewise have undergone a complete transformation by the 
deposition of a very considerable thickness of sedimentary matter. 

To this sedimentary matter, constituted for the best part of 
conglomerates and more or less pure limestones, DR. CARTER * 
gave the name of ‘‘ Miliolite *';-a term, which, although not strictly 

correct, might nevertheless be re- 
Depositionoi the" MilioUte.’" tained on account of its long and 

general association with the Pleisto- 
cene foraminiferal limestones of Kathiawar, commercially known 

Porbandar-stone.” 

It is clear that an enormous thickness of miliolite beds must 
have been deposited during the Pleistocene Age, mainly of the 
nature of foraminiferal limestones ; for these have left their lines of 

limitation on the hill-slopes through- 

Varylng Thickaess of the MiKo- tjjg length and breadth of the 

nte Deposits in the Province of . i • r 

Itathiawar. Province. Por example, in refer- 

ring to the conical hill of Chotila 
on the high-road midway between Wadhwan and Rajkot, which 
stands 1, 173 feet above the mean sea-level, and is about 550 feet 
higher than the surrounding plains, FEDDEN notes §, that in the 

* Geological Papers on Western India, Bombay, l857, P. 756. 

§ ‘ Memoirs of the Geological Survey of India^ Vol. XXL, Part 2 , p. 56. 
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fringe of miliolite which occurs around its truncated top, there is 
conclusive evidence that this hill, and all the surrounding country, 
has been beneath the sea in comparatively recent times. Probably 
the greater part of the peninsula was depressed at least I,I70 feet 
lower than it stands at the present day.” Again, the same writer* 
observes The cliffs of Diu island are 50 feet high, and there are 
quarries in the interior equally deep, which have not been pierced 
through this peculiar rock. At Jaferabad, the cliffs rise to lOOfeet, 
and again at Gopnath they cannot be much less ; but the section 


at the two latter localities is not made up entirely of the limestone.” 

In Porbandar State, the coastal deposits of miliolite, are gener- 
ally arenaceous, coarse-grained and more or less discoloured 
buff, brown or greyish-brown. They are also much vacuolated or 


Cause of Perforations in the Beds 
of Miliolite. 


pierced by variously sized cylindri- 
cal tubes or perforations, which 


sometimes branch and form anasto- 


moses ;-occasionally so closely as to impart a honeycombed aspect 
to the stone. It is probable, that as these channels invariably ob- 
tain in false-bedded or other portions of a distinctly littoral origin, 
they were originally occupied by some kind of easily decayable 
organic matter, -presumably by the thallus of laminarian Algce, 

At Miani, the coastal miliolite deposits slightly exceed a total 
thickness of about 20 feet, and can be seen to overlie tolerably 
thick beds of shelly and coralliferous limestone belonging to the 


Varying Thickness of Miliolite 
Deposits in Porbandar State. 


Dwarka Group of beds. At Tukra, by 
the sea, the miliolite overlapping 
both Dwarka and Gaj limestones, is 


found resting upon caps of laterite, and is in part transformed there- 


by into a dark reddish-purple stone, through the diffusion of a con- 
centrated iron-stain ; while all along the borders of the sea-shore 
from Miani to Porbandar-City, a more or less continuous, low ridge 
of miliolite is left undenuded, covering at times the remains of 


Dwarka flagstones or beds of Gaj limonitic-limestones. 

The succession of strata thus identified as occurring all along 
the coast-line, has been traced more or less inland, almost up to the 


I 


i 

] 


♦ 54-55. 



48 


ECONOMIC GEOLOGY OF PORBANDAR STATE 


base of the Barda hills ; and the outcrops of the beds belonging to 
each separate group, such as the Dwarka and the Gaj beds, and the 
sheets of beddeddava, are duly defined by coventional colours 
upon the Geological Chart which accompanies this report. 


By far the most important development of miliolite in the Pro- 
vince however, and one which has contributed no mean quota to 
the building of the Bardas, is to be found marking the limestone 

vertical limit, fully 300 feet above 

TheMain-Miliolites of the Ada- thp mpan IpvpI of thp ^Pri At thi^ 

tmna Heights near Ranawao, mean level oi tne sea. At tnis 

conveniently situated locality, known 
as the Adatiana Heights, fringing the south-western flanks of the 
lofty hills, an exceptionally deep cradle is formed, wherein the 
miliolite has found an abiding place, filling up the hollows and 
gorges of the hillsides with thick tiers of merchantable stone, com- 
posed of basement beds of coarse, indurated, obliquely laminated 
strata, passing gradually into a central thick zone of superlatively 
fine stone and capped above by other coarsely-textured beds at the 
limit line. 


As these beds of stone necessarily conform to the general mode 
of occurrence of sedimentary marine deposits by assuming lenticu- 
lar contours, it naturally follows that the texture of the stone varies 

not only vertically but horizontally. 

Horizontal and Vertical Variations Xhe relation of the miliolite to the 
in Texture and Composition of tbe 

Miiioiites. Underlying hypabyssal rock, with- 

out any intervening thickness of 
conglomerate, is admirably shown by a railway-cutting at the base 
of the group near Ranawao-station,-Fig. 12, -where the false-bed- 
ded miliolite is shown resting directly upon what was once the de- 
nuded and partially decayed surface of the mountain-massive. The 
thickness of the deposits, which is insignificant at the exposure 
abovenoted, gradually increases with the altitude, along the course 
of the railway-siding from Ranawao-Station to the heights of Ada- 
tiana ; but the character of the stone may be seen to vary from place 
to place, during the ascent. In the neighbourhood of Ranawao- 
Station, the coarse, ruddy-coloured stone, exhibits, what might at 
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Coarse Mlliotite resting upon a 
Sab<<tratum of Sand at Jambuvanti 
Bboira. 


first sight be niist3k6n for a cl6cidcd dip j but, upon mors careful 
examination, the up-turned edges of the thin strata, are found to be 
merely caused by false-bedding and subsequent surface erosion* 
Approximately miles NW. of Ranawao-Station, there is a 
natural shaft leading down to a subterranean tunnel, doubtless 
caused by underground waters, which has been made accessible by 

a spiral stairway cut into the sides 
of the original shaft. The rock of 
this Jambuvanti Bhoira, or cave,- 
as it has been named after one of 
the queens of the Hindu deity Krishna, -consists of beds of a coarse- 
ly textured, buff coloured and obliquely laminated miliolite of but 
poor commercial value, to a total thickness of about 25 feet, rest- 
ing directly upon a thick, (5 to 7 feet), substratum of a dark-brown 
sand full of glittering particles which await optical determination.* 
This bedding of slightly coherent sand, has, since the deposition 
and consolidation of the overlying miliolite, been almost entirely 
swept away by an underground stream formed by periodic perco- 
lating waters, to form the subterranean cave noted above. 

From the Railway-Station of Ranawao, a gradually ascending 
siding passes northward for about a mile, to the site of the main 
miliolite deposits along the deep cradle of the lofty-hills, where 

they form an irregular ridge trend- 
, jaiTS:. i-6 I'om NW. ,0 SE, herei„af,e, to 

be called the ‘‘ Adatiana Heights;' - 
by reason of their elevated situation overlooking the village of 
Adatiana. The railway-siding traverses the entire length of the 
heights for a distance of over 3 miles, and is conveniently provid- 
ed with a succession of quarry-platforms, to which the excavated 
stone is carted or carried from the extensive series of quarries ad- 
joining the railway-line. The entire deposit is systematically 
divided into plots, each bearing some distinctive native name, such 
as, “ Bhoyrawari,*^ “ Kundlawari,'^ “ Babulwari,” Ranwari ” and so 


* This sand has been proved by the analysis of R.E.J.M‘C JLLY, the expert chemist 
to the Porbandar Cement Works, to be nothing more nor less than thoroughly de* 
composed granophyre or rock of the mountain-massive, 

7 
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forth ; while each plot is subdivided into duly numbered quarry^al- 
lotments, which are leased out by the State to approved contractors. 

The total thickness of the miliolite beds, forming the Adatiana 
heights, must be very considerable, and is unquestionably the deep- 
est and most extensive of its kind in all Kathiawar ; that is to say, 

there is nowhere else in the Pro- 
Total Thickness of the Miliolite • ^ ^ i * 

Deposits forming the Adatiana Heights, vince, Such a large development of 

merchantable, white limestone of the 
kind specified commercially as “ Porbandar Building-stone/' To- 
wards the original commencement of the excavations, a well-shaft 
has been sunk through the miliolite to a depth of over 8o feet, where 
the water-levei is struck at the practically impervious underlying 
surface of the mountain-massive. The open-quarry excavations, as 
may be surmised, do not penetrate to the utmost depths of the depo- 
sit ; which, moreover, varies in thickness from place to place; but 
excavations of from 10 to 30 feet or a trifle more, are generally 
found sufficient for all practical purposes, by reason of the fact, that 
as the basement beds are approached, the stone grows indurated 
and finally so full of adventitious particles from the underlying 
hypabyssal rocks, as to be commercially worthless. So too, as has 
already been noted, the uppermost beds are prone to be crowded 
with gritty and sandy layers or grains generally disseminated 
through the substance of the stone. 

As a rule the central, more or less horizontally laminated beds 
of the miliolite, yield the highest grades of stone, and these may be 
specified to consist of a practically uniform, fine and close-grained 

texture, capable of being extracted 
able Milioiites. large blocks of over one, up to two 

or three feet in thickness without 
any tendency to part into slabs ; capable of being delicately carved 
and even undercut ; and of resisting a crushing strain of about 165 
tons per square foot. Stone of the above character, has been in in- 
creasing demand for many years, for the erection of fine frontages, 
columns and capitals, friezes and balustrades in palaces, temples, 
public-buildings and mansions, not only locally but in the chief 
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cities of India: — Bomba5% Colombo, Karachi, Madras, Calcutta and 
Rangoon. The quarry prices, f, o. b. at Porbandar average 3 annas 
per cubic foot. 

The second grade of miliolites is principally derived from the 
sub-centrally situated zones of the huge deposits ; but, while being 
available in building blocks of ordinary, (l8 by I2 by Q inches), and 
even much larger sizes, are more or less constituted by alternately 
fine and coarsely textured laminae. This necessitates the laying 
down of blocks with their laminre horiz :)ntally disoosed, so as to 
prevent a liability to splitting by superincumbent pressure. When 
thus placed, this second grade of stone is capable of withstanding 
a much greater crushing strain than the finer qualities of more 
uniformly textured or homogenously grained stone ; but has the 
disadvantages of weathering into ridges and furrows after the 
lapse of many years, and of being unsuitable for any kind of car- 
ving, save the simplest forms of bas-relief. The laminse of the 
stone vary from less than a-quarter to slightly over half an inch 
in thickness, and the blocks are chiefly indicated for the inner 
walls of public-buildings and for the erection of out-houses, ordi- 
nary dwelling-houses, warehouses and the like. The quarry prices 
f. o. b. at Porbandar docks, vary from two annas to two annas and 
a-half per cubic foot, 

A third grade of miliolite, derived from the coarser uppermost 
and also from the super-basement beds of the deposits, is consti- 
tuted by indurated stone, generally more closely and thinly lami- 
nated than the foregoing varieties, which rifts into slabs or flags 
varying in thickness from about 1^2 to 2^2 or even 3 inches. These 
stones are very largely used locally for lining well-shafts, and the 
laying down of floors, and are roughly hewn to regulation sizes 
and sold at prices as follows 1-3 feet by 1^2 feet by 2^2 inches, 
Rs- 15 ; 2J2 ^eet by feet by 2 inches, Rs. 10 ; and 2 feet by 
feet by 2 inches or less at Rs. 8 per 100 slabs. 

It is much to be deplored, on the score of strict economy, that 
miliolite has ever been used for the building of steps and stair- 
ways, for the laying down of landings and floors or for situations 
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subjected to constant wear and tear; especially in a country 

abounding, almost to excess, in easi- 

Plea for the Substitution of ly workable, light and dark volca- 
Strooe Stone in place of Coarse u «. *.u 

Miliolites for Steps, Floors and rocks , but the custom of the 

Pavements. country'' and the ease and cheapness 

with which the inferior grades of 
this material can be tooled and supplied, are strong arguments in 
favour of its continued use locally, which cannot lightly be combat- 
ed and overcome. Doubtless, the day will dawn when a right ap- 


preciation of the merits of other building materials, -such as blue- 
black basalts and dolerites, fawn-coloured and grey rhyolites and 


the intensely hard felsites and ultra-tough and strong granophyres, 
will finally oust the comparatively soft and much less durable lime- 
stones, for positions subjected to intense stress and attrition, from 
the field altogether; but the initiative still remains to be taken in 
India by both architects and builders, before any salutary refor- 
mation can be expected. 

Adatiana Heights, the busy scene of the great miliolite indus- 
try of Foroandar State, marks the limestone-limit at a height of 
about 300 feet above the mean sea-level ;-for ttie deposits slope 


LimestooeUlmit on tbe Adatiana 
Heights 


gently, for a few hundred yards, as 
a stone-strewn stretch of almost level 


land, Lip to the steep slope of the 


lofty hills and beetling crags above. From a distance, the alti- 


tude of the Heights and long line ot quarry-workings is clearly in- 
dicated by the piles of wastage dumped around the open-pit 
mouths, as shown at x-a, in the photograph, Fig. 13, which was 
taken from a distance of slightly over one mile from the NE. side 
of the village of Adatiana, 

Quarrying operations have already been carried to practically 
the end of the deep deposits of miliolite, which cease almost ab- 
ruptly about iM miles NNE. of Adatiana, where small workable 


beds of untouched stone of tolerably good quality flank the sides 
of a deep mountain runnel called Sij Jhar ; but, in a westward 
direction, descending to the village of Adatiana and its surround- 
ing plains, the miliolite beds of compact stone thin down to but a 
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few feet in thickness, and no longer lie directly upon the moun- 
tain-massive, but are underlaid by a thick stratum of more or less 
brecciated conglomerate, the upper layers of which are frequently 
concretionary to a large degree. 


Continuing northward after the cessation of the deep deposits 
of the Adatiana Heights, the base of the hills beyond Sij Jhar, is 
merely crusted here and there with patches and small mounds of 

miliolite full of impurities, derived 
™d«lying hypabyssal 
rocks; but hereabouts, the hill-spurs 
and slopes are admirably adapted for large quarry sites capable of 
yielding a rich variety of valuable felsites and granophyres. Such 
quarry sites are indicated on the Coloured Geological Chart by 
small circles each bearing a registered number corresponding with 
the registered number on the list of rocks gathered by the Geolo- 
gical Survey Department for the State Museum Collection. 


About one mile almost due north of the NW. termination of the 
extensive quarry sites on Adatiana Heights several spurs from conti- 
guous hills converge to from an ascendable gorge called “ Bbil 
Jhar, ’’ to which a rugged pathway leads up to a pass and down be- 
yond into the valley of Sathvirda Nes. A photograph, -fig. 14, -was 
taken of this site, as affording an exceptionally fine view of the 
contours and general physiographical features distinctive of hills 
of hypabyssal in contradistinction to those of volcanic origin. 


To return to the subject of the miliolite deposits of Porbandar 
State: — It would be almost impossible, unless by wearisome and un- 
profitable details, to describe the spread of the countless patches 
and mounds of the material that have been left undenuded between 
the Bardas and the sea-shore; but a correct estimate thereof may 
nevertheless be gathered by a glance at the Geological Chart, 
wherein the comparatively recent deposits of miliolite, are shown 
by closely parallel blue lines. From these it may be observed, that 
the vast bulk of the miliolites, ( which mustj^upon the final emer- 
gence of the land from the Pleistocene sea, -have covered the entire 
countryside of the State below the line of limit, 300 feet above the 



54 


ECONOMIC GEOLOGY OF PORBANHAR STATE 


sea-level), has been swept away by denudation, leaving only a 
comparatively insignificant portion behind to fill the recesses and 
encrust sundry favoured spaces over the length and breadth of the 
land. 

It thus happens that the remains of the miliolite are found co- 
vering all kinds of previously formed rock; and when the basement 
beds of any particular deposit of miliolite are examined they invari- 
ably show inclusions of the subjacent and other local struc- 
tures, frequently in large brecciated or rounded fragments, but of- 
tener in small particles, pebbles and grains of microscopic dimen- 
sions. Typical examples of these will be given in a future report, 
with analyses, microscopical determinations of the mineral or other 
units, and their relations to one another pictorially illustrated by 
photomicrographs j-with a view to demonstrating, beyond dispute, 
the origin, precise nature and economic value of each selected type 
of stone. 


DAMODARDAS PRINTING HOUSE.— RAJKOT C S. 



Plate XXIV. 



tlie surfare of the saiui dune firml}, into a more or less level topped low rldi^e, immediately adjoininL; 
the heaeh, 200 feet from low tide mark, miles SK. by SSlv. cf Navibandar. From a photoirraph by 
E. How\ki) Ai>\k, I'.cj.s., taken on the otb April, 191b. 








Plate XXV. 



Fig. 27.— Conservation of Coastal Blown-sand.— Through the of pmu-ipally of C v/x'nts '^hlonifvt 

us and C\ the sand is here held tOKOther, by tut'ls of Krowtli, iiJlo a dose sueeession of mmialure 

mounds and short rid^^es of hut a few inehes in hei^lit, yet quite suirielont to prevent very considerable 
quantities Iroin luMtiL^ blown tarther inland. Vvo\\\ w photo^niphhy IKnv\K!> Ar-vi , i'.(..s., on tlie lee-sidt 
of site shown by I'ii^. 26. Taken on the gth April, U)i6. 



THIRD QUARTERLY REPORT 

ON 

THE ECONOMIC GEOLOGY OF PORBANDAR STATE. 

bv 

E. HOWARD ADYE, F.G.S., etc., 

Director^ Geological Survey of Porhandar State, 


December, 1915; January and February, 1916. 


/^RESERVATIONS on the economic value of ‘ Porbandar-stone ’ 
or miliolite-limestone would be sadly deficient without some 
definite information concerning the comparative strength and chemical 
composition of the material ; the first for the guidance of architects and 
builders, and the second for the satisfaction of manufacturers of building- 
materials of the nature of limes, mortars, concretes and cements. 

As a rule, architects and builders now-a-days very properly insist 
upon specifications to denote what is technically termed the ‘ crushing- 

strain ' of stone tendered for the erection 
High-g'rade-PoX^lr-st^^^ public-buildings and the better classes 

of dwelling-houses ; for which the best 
grades of Porbandar-stone have so long been famous^ not merely locally, 
but throughout the length and breadth of the Indian Empire. The 
quarrv-holders at the Adatiiina Heights near R^ndwao Station in Por- 
bandar State, whence the finest qualities of miliolite are exclusively 
drawn, are usually content to vaguely quote the rumour that the best 
' white-stone ' or dora-pana, as they call it, will withstand a crushing 
strain of about 2,200 lbs. per square inch. Fortunately, however, the 
results of accurate tests by P. G. Messent, M. Inst. C.E., are now avail- 
able :* and the}^ give the crushing strain, per square foot, at 165 tons 
iqcwt. This then may be taken as substantially correct, presumably 
for blocks horizontally laid, with reference to their lamination. 

♦ ‘British and Foreign Building Stones* by John Watson, Cambridge University 
Press, 191 1, p. 428. — In a letter to the writer the author points out that Porbandar. 
stone has, by misadventure, been classified as a sandstone. 
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Chemically considered, Porbandar -stone consists essentially of 
carbonate of lime, in a practically pure condition, in the highest grades 

of the stone, when in a perfectly fresh and 
Stable state, with only appreciable pro- 
portions of magnesia, silica, iron and 
alumina, and undetermined alkalies of small importance. The stone 
wastage, of which enormous quantities are always available — on account 
of the primitive methods of extraction in vogue at the quarry sites — 
consequently yields lime ot an exceptionally pure and superior quality; — 
well adapted, when kilned for the use of builders, and also as the basis 
for high-class cement -making. For the latter purpose it is being exten- 
sively employed by The Indian Cement Company, Limited, at their 
elaborately equipped works in Porbandar City, and an analysis of a 
typical sample of the stone recently made by R. E. J. M‘Cully, the 
Company's analyst, is here recorded* as being strictly in accordance 
with the writer's microscopical determinations. 


W ater . . 

•02 

Carbonic Acid 

. . 41-96 

Silica . . 

I * gb 

Oxide of Iron and Alumina 

1*50 

Lime . . 

51*33 

Magnesia 

1*98 

Alkalies 

1*25 


100*00 


In general geology the term striicture is usually employed to denote 
those larger features connected with the ways in which the materials ot 

the earth’s crust arc commonly disposed ; 
ture and Texture struc- such as the stratification, eruption, intru- 
sion, jointing, metamorphism and so torth, 
of rocks ; while the word texture has been reserved to signify the character, 
comparative sizes and relative disposition of their mineral units. Since 
the introduction of the microscope as a means for geological research, 
however, structure has been increasingly employed to indicate — ^as in 
biological histology — the intimate nature, condition and modes of asso- 
ciation of mineral aggregates ; and, in that modified sense, will it be 
used in the sequel devoted to the optical determination of the stones 
of Porbandar State. 

* By permission of R. Svdnev Svmons, Manager, Cement Works, Porbandar. 
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arrest the sand into small mounds, wliieh, from a distanee, miKlit be mistaken for the backs of a flock of 
sheep. From a photograph by E. Howard Adyf, k.o.s., aliout 250 yards inland from tlie site shown by 
Fi^. 2O. Taketi on the 9th April, 191b. 
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Under the microscope, properly prepared sections of Porbandar- 
stone or miliolite-limestone may be seen (aided by varying powers of 

the instrument and access ories for the 

MiUoUte under tbe Microscope, modification and adjustment of light) to 

consist essentially of a number of more or 
less rounded derived or clastic particles held together by a cementing 
matrix of small crystals of carbonate of lime. The clastic particles may 
be uniform in both nature and dimensions, and compactly cemented 
together by a perfectly fresh and crystal-clear mosaic of calcite. When 
such happens to be the case in sections of true samples, cut in a variety 
of directions, or, at the very least, both parallel to and across the lamina- 
tion, and the clastic particles moreover give a measurement varying from 
about ~ to T of an inch in diameter, the stone may unhesitatingly be 
placed in the first or highest commercial grade.* 

Variations, either -in the nature or the sizes of the grains, or defi- 
ciencies, discolorations, turbidity, etc., in the cementing material, are 
sufficient to determine the proportionate inferiority of the stone, so that 
microscopic examination in these instances may be relied upon as an 
unerring guide to the quality of the rock. A first grade stone may thus 
be subdivided into two or more commercial qualities ; but, when the thin 
laminae of the stone differ in texture — alternately finer and coarser 
grained — the sample should be classed as second grade. Third grade 
miliolites, in like manner, may be recognised microscopically by the 
greater loss of uniformity in the sizes of their clastic units, the variation 
in the nature thereof and the tendency to become flaggy in bulk, so that 
thick blocks for building purposes are not available. 

In order to demonstrate beyond dispute, the precise nature and 
condition of the clastic units, the character of the cementing materiali 
the relation of the particles to one another, and the proportions in which 
they are manifested in the texture of stone suitable for economic use, it 
will be necessary to place on record a series of photomicrographs from 
preparations of typical samples with explanatory text — and this shall 
be done in a special chapter at the end of these reports. 

Miliolite-limestone as a true sedimentary deposit of principally 
marine -littoral, but also of deeper sea origin, so very closely resembles 

I^^mentary and not Sub-aerial ^he blown-sands of sub-£erial consolida- 
Origin of Miliolite. tion, that it would be difficult, if not hope- 

less, to try to distinguish between the two types of stone by laboratory 

♦ See Plate XX, Upper Figure, * Memoir on the Economic Geology of Navdnagar 
State,’ by E, Howard Adye, Bombay, 1914. 
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research alone. In the field, however, the distinction becomes more or 
less plainly manifest, and in order to render this quite clear, a few examples 
■ may here be culled from the pages of the writer's reconnaissance note* 
book as follows: — 

Geotec tonic memoranda on the coastal borderland of Porbandai 
State show that at its most northerly limit, represented by the Meda 

Creek and spit-bound harbour of Miani, 

Geological Structure of the . . . • i i r * i 

Coastal Borderland in the Neigh* the seolian sands sweep inland for a mile 

bourbood of Miani. r ■ • i i r 

or more, forming considerable dunes, for 
about half that distance ; but that the blown particles are checked to a 
large extent from farther incursions by a long, low ridge of Dwfir ka- 
li mest one capped by a crust of miliolite. Both of these formations rise 
prominently in the immediace neighbourhood of Midni, the miliolite 
occurring as a deeply -quarried eminence on the south side of the 
town and tailing down to almost nil at its northern aspect ; while 
the Dwarka -limestone, differentiated to show a fringing coral-reef-scarp, 
juts boldly from beneath to face the Meda Creek on its eastward side. 
Both again, are obscured by the blown -sand to reappear far south at 
the low-tide mark and as windward scarps on the Arabian sea -board. 

The great Wartu river, flowing westward with the accumulated sur- 
face drainage from the northern heights of the Barda Group of hills 

augmented by supplies from the bedded- 

precipitation of Selenitic Gyp- lava uplands of Gop and Other parts of 

sum in the Salt Marsh of the x- ' o i i ^ 

Meda Creek near Miani. Aavanagar State, breaks up into innumer- 


able lesser channels to ultimately discharge 
Into the upper reaches of the Meda Creek ; while the inrush of the tidal 
Slaves is carried far inland to contribute to the formation of a widespread 
saliniferous marsh, so that the meeting of the waters — the fresh and the 
salt — fulfils the natural conditions, upon due evaporation for the preci- 
pitation of gypsum, which is found in abundant flakes of selenite, un- 
fortunately too freely mixed with alluvial mud to be of much value. 

To return to tlie eoastal borderland : — The miliolite is mani- 
fested SE. of the Moca Creek mouth in the form of gradually decreasing 

bluffs or low sea -sc raps with inconsider 

Geological Structure o f the , . . . . , 

Coastal Borderland at the Parallel a Die sand dunes above and a shelving 
of Tuki*8 ^ 

beach below, through which breakers of 

Dwfirka-iimestone emerge at low-tide mark ; and tliesc conditions prac- 
tically prevail for fully 4] miles SE. to the parallel of Tukra. At 
Tukra, however, the borderland (vchich, for the sake of conventional 
description, may be limited to a mile and a-half in width), is diversified 



Coastal Borderland near Visawara 


6i 


on the northern quadrant of the village by interesting exposures of other 
rocks which serve to elucidate the succession of strata immediately 
underlying the abovenoted Dwjirka-limestone beds. The N. of the village 
is invested bv a capping of laterite-conglomerate, overlapped on its 
eastern moiety by a small, but sharply defined deposit of Gdj (Miocene), 
limonitic limestones and conglomerates bearing a rich crop of distinctive 
fossils ; while these in their turn are shown upon the summit of an 
isolated hillock hard by, to be conformably overlaid by the denuded re- 
mains of a compact whitish freestone in flaggy beds, the basal portions 
of which are crowded with fossil (chiefly lamelli branchiate) shells, which 
do not tally with those of the Miocene strata below, but clearly belong 
to a higher horizon ; — the Dwdrka Group of Fedden. 

Farther south-eastward, at a distance of about 2 miles, the coastal 
borderland in the neighbourhood of Visdwara presents a slight but subtle 

change. The Creek which breaks the con- 
CMstai^Srdertw^^^ tinuity of the shore-line SSW. of the 

town exhibits at its mouth a varied deve- 
lopment in the disposition of the strata. It is probable that this inlet 
dates back to Pre -Pleistocene times, or at all events had an existence 
prior to the deposition of the miliolite-iimestone formations. This is 
evidenced by the superposition of the beds laid bare by the erosion of the 
rivulet which terminates in the creek ; for the river-terrace formed by the 
sub-recent elevation of tlic land shows its gravelly deposits to be over- 
laid by from 10 to 15 feet of miliolite forming a bold sea-scarp at the 
mouth of the creek. 


Underh'ing the river-gravel, there comes a very conspicuous fring- 
ing reef of astraean and other corals, manifestly of Dwdrka age, the bulk 

of which appears to be only partially 
Fringmg Coral-reef Bo! diy changed by fossilisation ; albeit the same 

structure, disclosed by well-shafts inland, 
reveals the coralla completely re-calcified. This coral-reef is here to be 
seen in si In, as though still growing upon its base of fossiliferous Dwarka- 
limestone conglomerate, while the underlying beds of the same group 
are composed of thick compact and flaggy freestone essentially similar to 
that noted above, as crowning the singular hillock NNE. of Tukra. 
Inland at Visdwdra, the Dwdrka beds are worn down to their base 
at the N, end of the town, and the underlying Gaj, limonitic -limestone 
outcrops in dominance with a plentiful inclusion of fossil -shells and 
shell-casts in its rubbly subsoil, extending to the N\V , N., NE. and E. of 
the town. 
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At the parallel of Vis^wdra the coastal deposits of Tertiary and 
subsequently formed strata stretch so far inland, that they can scarcely 

come within the popular meaning of sea-side 
Parafie? Jf^vVs^awara*******^ Structures, although they must thus be 

included in this place. The Miocene Gdj- 
limestone deposits, more or less obscured by Dwdrka -limestones^ 
outcrop intermittently for more than 2 miles NE., to the site of the 
ruins of the Hathiani Temple ; emerge again 4I- miles ENE. from 
Visdwdra, NE. of Keseo, overlapping the bedded-lavas of the Deccan trap 
Period, are continuous most of the way E. and ESE. for 2I miles towards 
Palakra, and thence onward and eastward are obscured by the fresh water 
alluvial deposits of the Ger or Great Northern Marsh of Porbandar 
State, to reappear finally on the confines of BharwAra, or approximately 
6 miles distant, ‘ es the crow flies,’ frem the present sea -shore. 

These inland, outcrops are specially noteworthy by reason of certain 
economic products which show signs of being worthy of exploitation. 

As already recorded, they comprise a 

Inland presumably extensive occurrence, over- 

Iving the subsoil, of good yellow -ochre, one 
mile E. by ESE, of Palakra, at a depth of about 15 feet from the sur- 
face ; sundry beds ot compact, ornamental yellow limestone called 
Pmdaralite and the newlv named Bhdrwaralite, which is an indura- 
ted, fresh cinnamon -coloured, ornamental stone, available in thick and 
large slabs, mdes SW. of the village after which it has been named. 

Of scientific interest in the same neighbourhood, ^ mile SW. of Bhdr- 

wara, the dry bed of the river exposes the presence of a Miocene coral- 
zone. characterised by the densely crowded stalks of Siylophofa, a few 
compound single corals, occasional valves of Venus canccllata, and some 
spires of a Turritella. 

Repetitions, on a less -marked scale, of the succession of strata re- 
corded as occurring at the northern scarp of Visdwara Creek-mouth, 

are found in irregular development along 

Geological Structure of the the whole length of the strip of land be- 
Coastal Borderland from Ratari it-/ 

to the N. of Porbandar City. tween the visawara river and the sea-shore, 

as far as to the SSE. of Rdtari ; but 
thereafter, and right down to the north-westward confines of Porbandar 
City a wonderful uniformity of structure prevails which may be briefly 
expressed as follows : — 

* ‘ Memoir on the Economic Geology of Xavanagar State/ Bombay, 1914, 
177, el se^. 



Varied Character of DwArka Beds 


63 


Breakers of sound and strong, sand}' and shelly thick flagstones, full 
of brecciated as well as rounded fragments of Gdj limoniticdimestone, 

outcrop more or less pronainently at low- 


Coarse, Looseiy-teatured, Con- tide mark on the shore-line of the Arabian 
inflriorB^wtag“tV^?Z‘sh^^^ Sea, to be succeeded by a strip of beach 
NW. of Porbandar City. variable width. The surface of the 


land itsell commences with dunes of blown 


sand, composed for the most part of whole as well as comminuted shells, 
resting upon an almost indistinguishable base of raised beach of the 
same, but more firmly consolidated composition. Frequently a second 
more inland, billowy dune obtains, and it is usually through this upraised 
aeolian and partly marine supra-littoral accumulation that pits are 
extensively dug, all the way from Khimeshwar Temple near Kune hr i 
right up to within a short distance from Porbandar City for a loosely 
compacted stone, much used for the erection of the poorer classes of 
dwelling-houses . 

The DwArka beds immediately underlying the abovenoted stone, 
varies in character considerably, as it is revealed either b\' natural or 

artificial exposures farther and farther 

varied Character of the Dwarka inland possibly by reason of altered 
Beds, of Porbandar City. horizons. They constitute a long low 

ridge of very rough surfaced shelly and 
sandy, compact, medium -grained, flaggv limestone which extends conti- 
nuously from the SSE. of RAtari for no less than six miles towards the 
Capital-town, and at a mean distance of 4J furlongs from the shore-line. 

Farther inland, the DwArka beds assume a very different character 
and vary very much both horizontally and vertically. From Bardia to 
Sirinagar and NE. of KAtela they are represented by thin and thick 
ruddy flagstones, often very rubbly. sometimes concretionary, and inter- 
bedded with or overlying considerable depths of conglomerate, especially 
at the SE. side of Sirinagar, while the beds farther south in the direction 
of KAtela, are covered by a compact crust of miliolite. Strangely enough, 
on the XW. side of Sirinagar, the same beds of stone, are compact and can- 
cellated, lie upon a richly fossiliferous base, which in its turn rests upon 
a rubbly zone of GAj limonitic limestone crowded with organic remains. 

At Kunchri the DwArka beds yield large white and ruddy flagstones 
composed of alternating compact finely-textured m iterial in thicknesses 

of an inch or more, and dark-coloured 
oMhe^arka Gnmp* ^*^^*^^*^** lamince. These great slabs of lime- 

stone sometimes hold tojrether in thick" 
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nesses of a foot or more ; but they are only too often prone to part into 
flakes along their dark-coloured incoherent laminae. The same stone 
spreading out over the plains in the direction of Degdm, becomes 
more or less bleached, and is much false-bedded. It i^ very ex- 
tensively quarried around and about the smalltown but only to inconsider- 
able depths, as it speedily grows rubbly, fossiliferous and conglomeratic. 

Towards Babadeshwar Temple to the N. of Degdm another marked 
change in this variable stone was noted, for it acquires a very dark 

colour, — sometimes brown, purplish and 

Dark-coloured Flagstones of the ^ven almost black ; — and the same kind of 

Dwarka Group. 

alteration in colour also occurs at the 
isolated hillock called Bhado Dhdr, where the false-bedded stone may 
be seen directly overlying the yellow Gdj-limestone to the SW. of 
Bhdrwara. Another isolated outlier of Dwdrka-limestone of a rusty 
colour, in thin flaggy laminae of a shaloid character, outcrops in form 
of a narrow elongated hillock, by the highway about i mile S. of the 
town of Khdmbhodar. The surface of the hillock adjoining the roadside 
is literally riddled with pits ; for the material, which is hard although 
flaky when extracted, breaks up very readily into an angular shingle of 
from I to inch gauge, and is unadvisedly used by the State contractors 

for road-metalling. 


Dwarka Beds between the 
Parallels of Kunchri and Porban- 
dar City. 


Between the parallels of Kunchri and of Porbandar City farther 
south, the really coastal Tertiary and Post -tertiary, or, to be more 

precise, the Gdj (Miocene), and Dwdrka 
(Plio-Pleistocene) Groups of beds, extend 
inland superficially for very considerable 
distances. The false-bedded Kunchri and Degdm flagstones, with their 
underlying quota of fossiliferous conglomerate, spread southward con- 
tinuously as far as Porbandar City, covered by deposits of alluvium 
thrown down in the region of the N\\. trending backwater from Por- 
bandar ; — ^upon which the State salt-pans are situated. Towards the 
east they encrust the ground up to a geological boundary extending 
from the neighbourhood of Bdkharla, slightly E. of Kolikhara, and then 
in the direction of Rdndwdo and intermittently far beyond. Southward 
they are obscured by the alluvium of the Great Salt Marsh. 

Underlying the Kunchri and Degdm flagstones, which by reason 
of their hardness and capability of resisting great crushing strain 

when laid with their laminae in a horizon- 
tal position, are largely used locally for 
the foundations of dwelling-houses, it is 


GaJ Beds between the Parallels 
of Kunchri und Porbandar City. 
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reapinj^- a revenue Ironi the medicinal crop. From a phoiograph by H. Hcnv.\Ri> A7 >vk, f.G.s., taken on the 
igth April, igib. 
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presumed that the Miocene, or Gdj limonitic-limestones, recognisable 
at a glance by their prevailing yellow and orange hues, also extend far 
eastward from the coast-line towards the base of the Barda Group of 
hills in the direction of Rdndwdo and beyond. Evidences of this are to be 
found as follows : — (i). — ^The coast -line breakers at low -tide mark con- 
tain an abundance of both rounded and angular fragments of these 
unmistakable stones, (ii). — The Creek-banks on the N. and E. sides of 
Porbandar City show small exposures of shelly and sandy Dwdrka- 
limestone, overlying Gdj limonitic -limestone, (iii). — ^The new large 
well-shaft, within the Bokhira limit near the Porbandar City water- 
works exhibits beneath a layer of ruddy, indurated Dw dr ka -limestone, a 
thick deposit of beds of compact, Gdj limoni tic-limestone of the Pindd 
ralite type, and richly fossiliferous rubbly conglomerate belonging to the 
same Group, (iv). — The erosion of the \Yanddna Vokala at Virpur by 
the high-road to Randw’do shows the yellow Gdj -limestone gleaming 
beneath surface beds of Dwdrka -limestone on its E. bank. (v). — The 
miliolite deposits encrusting the plains and deeply developed towards 
the base of the Barda hills, when examined under the microscope, exhibit 
a fairly large proportion of rounded grains of Gdj limonitic-limestone, 
detectable by their characteristic fossil contents and lithological pecu- 
liarities, which will be exemplified in the sequel by photomicrographs. 

Eastw^ard, beyond the geological general boundary of the Gaj and 
Dw^drka beds, w^hich occasionally outcrop as insignificant patches here 
MiUoiite Deposits Eastward of ^nd there, the country-side is practically 
Ga® aSd'"Dwirka“"B^ed7 at thi cncrustecl with miliolite deposits, already 
Parallel of Porbandar City. ascribed to a much later period of the 

Pleistocene Age. Deposits of coarse, sandy and much honeycombed, 
weather-w^om and decomposed or altered miliolites, from a few^ inches 
up to ten or twelve feet or so, obtain in undenuded areas, from the coastal 
borderland of Porbandar City to be swept almost entirely aw^ay from the 
suiface of the Dwdrka beds, until about three miles or thereabouts from 
the base of the S. and SW. Bardas. The surface of the ground there- 
after becomes more and more thicklv strewed with miliolite drift and 


fragments of the mountain massives, while the deposits of the limestone 
gradually increase in thickness up to the line of limitation on the Adatidna 
Heights. 

Porbandar City, with its encircling Creek w^hich swerves south- 
eastward to pass into the N\V. diverticulum of the Great Salt ]\Iarsh, 
furnishes another well-defined break in the continuity and character 
of the geological coastal borderland of the State ; for it is at this jimcture 
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Dwarka Flagstones of Chaya 
and its Surroundings. 


that confusion is apt to arise concerning the origin and succession of 
the Quaternary strata which constitute the main portion of the shore- 
lands. A few of the observations in this connection must therefore be 
taken as provisional pending the confirmatory evidence of forthcoming 
laboratory research. 

There can be no room left for doubt, that the Dwdrka flagstones, 
laid bare by the wearing down of the miliolite towards the SE. 

of Porbandar City and partially obscured 
be recent deposits of marsh mud, increases 
both in thickness and economic quality 
on the way to Chaya ; for the town there rests, as shown by local well- 
shafts, upon a deep foundation of thick, compact, but variable beds of the 
flagstones which, however, by reason of their superior hardness, liability 
to split along false -bedded rifts, and the comparative difficulty experi- 
enced in extracting and tooling the stone, have been only sparingly 
utilised. These Dwfirka flagstones, veiled by alluvial deposits, reappear 
on the W. and especially upon the SW. and S. side of Chfiya, to constitute 
the basal fabric of a high ridge which runs practically parallel to the 
shore-line at a mean distance of a trifle over half -a -mile therefrom, and 
rises to a maximum height of 66 feet above the level of the sea. The 
flagstones, however, do not take any further part beyond its foundation 
in the formation of the ridge, but pass sheer beneath that structure to 
reappear first upon the leeward side of the blown-sand dunes, and after- 
wards as breakers beyond the strip of beach at low-tide mark. 

At first sight, the stone forming the abovenoted high ridge presents 
a strong miliolitic facies ; but there are subtle differences, tacitly granted 

by even the native quarrymen^ which 
serve, to separate ' Chfiya-stone,' as it is 
called, from the dord-pcmd^ miliolite or 
‘ Porbandar -stone ' of commerce. Laboratory analyses and optical 
determinations will doubtless serve to define the differences that subsist 
between the two textures, and to confirm the opinion that the Chdya- 
stone consists essentially of a sub-aerial consolidation of fine blown - 
sand, of sub-recent date, representing a former dune which has acquired 
its present inland position through the elevation of the land. 

Situated approximately | mile SSW. of Chdya, the highest part 
of the ancient, solidified dune of fine blowm-sand has, since about 

50 years ago, been made the centre 
of an extensive series of pit-quarries, 
which to-day present the appearance of a 


Sub-aerial Origin of Chaya-stone, 
as Fine, Consolidated Blown -sand. 


The Chaya-stone Quarries SE. 
of Porbandar City. 
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range of huge oubliettes, many of which are excavated to the depth of 
about 60 feet. These strange-looking, champagne-bottle shaped bur- 
rows may be very simply accounted for by the fact that they were 
commenced as small vertical shafts through a surface layer of much 
perforated and then of rubbly stone, which at depths of from 10 to 20 
feet, gradually becomes more compact and commercially valuable ; 
so that, in order to save labour and expense, the native quarryrnen began 
undercutting, or, in reality mining on a small scale, leaving a pillar or 
two here and there to avoid collapse — occasionally, however, wdthout 
avail. 

The superficial portions of the Chaya -stone are much honeycombed 
and indurated by sunbaking, except at sundry denuded places, and are 

therefore rejected by the quarryrnen ; 

Causes of Perforations in the their perforations appear to differ in 

Chaya^stone. ^ . 

cliaracter from those found in correspond- 
ing situations of the miliolite, and are usually, especially at depths of 
10 or 12 feet, w^hen diminished in dimensions, filled with cores of ruddy 
clay and possibly vegetable remains. It i^, therefore assumed, subject 
to laboratory corrections, that the perforations and other larger inter- 
spaces, represent the relics of former binding weeds and creeping plants 
which formerly flourished on the original dunes of sand, coupled with 
the sporadic burrow’s of agamoid lizards, such as abound on the sandy 
stretches at the lee side of the sand-dunes bordering the beach of the 
entire length of the State shore -lands. 

Chdya-stone, as already intimated, varies in texture and quality 
both horizontally and vertically, but not to the same marked degree as 

stones of marine-littoral origin such as the 
^^stracturai Peculiarities of Chaya- underlying Dwarka flagstones or the milio- 
lite. While its superficial layers are indu- 
rated and hone3xombed by the combined agency of plant -growths and 
weathering, the texture of the material appears to be uniformly fine- 
grained. Deeper down, while the texture remains practically unchanged, 
the perforations diminish in size and are more or less occluded by inco- 
herent as well as compact ruddy, earth^^ matter, probably representing 
successive buried lasers of plant -roots and creeping-rhizomes. At the 
lowermost zone, some 50 to 60 feet .below the surface of the deepest 
developments, the stone once more assumes a much cancellated but 
somewhat varied texture ; presumabty b}^ reason of its original partially 
sedimentary character when deposited as beach -sand upon the gradually 
uprising substratum of Dwdrka flagstones. 
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At sundry favoured places, the Ch^ya-stone is more or less free 
from perforations and becomes quite compact and of fairly white colour, 

closely resembling a good-grade miliolite; 
stone andUsesofChaya. but, as it is the custom at these quarries to 

merely recompense the workers for their 
labour, all qualities are sold without distinction at the various pit- 
mouths by bargain. The stone is usually cut into rough blocks 12 by 
12 by 6 inches in dimensions and normally sold at about Rs. 5-8 per 
100 blocks ; other sizes are available by special orders at proportionate 
prices, but are only seldom demanded. Trade statistics are not registered, 
as the demand for the stone is entirely local ; although as many as 25 
pits are kept open during the working season to supply calls from Por- 
bandar City-builders for the erection of native houses and cottages. 

Descending on the southern side of the Chdya -stone sites, a small 
valley is formed by the rising of another but much less loft}’ elevation, 

which also runs intermittently parallel 

Consolidated Blown-sand o* . . t 

Mithi Kban. f nil of the Valves of with the sca-shore at a mean distance ot 

Recent Sea -Shells. 

2I fui longs therefrom. This ridge i^ 
manifestly the solidified representative of another but more recently 
formed dune of blown -sand and wtis formerly quarried for stone at a 
site called Mithi Khdn, w^ hence material of a les^ coherent character 
than that of the Chdya -stone wns extracted for local needs. The stone, 
which is likewise freely cancellated, bears large numbers of partially 
altered shells of marine molluscs chiefly of Recent Pelecypoda, The 
consolidated, blown, shelly-sand of this ridge overlaps the undei bring 
strata of Dw^drka flagstones wxhich outcrop at its windivard base, like 
a long line of upraised beach. 


Yet another depression here intervenes, w^hich during the monsoons 
is flooded with w^ater and separated from the open sea by a third ridge 

of blown--and constituting a stretch of 
onhl*shOTe-Vune”’s”of dunes in process of formation ; which if the 

elevation of the land continues, must even- 
tually give birth to a third terrace of consolidated stone of the Chaya 
type. The abovenoted depression at this particular place is speciall\- 
interesting and of some importance locally as a site from which poor 
persons are allowed to dig for supplies of ‘ natural chunam.’ The carbo- 
nated waters draining the highly calcareous ridges to the NE., annualh- 
dissolve large quantities of lime and bring it down to the channel below 
to be first precipitated by subsequent evaporation and then naturally 
kilned by the agency of sunbaking. 
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sand of raised dunes. Q'. — Ouarry ealled Veler Kh/in, in coarse, sandy and shelly Dwdrka limestones. H. — Hillocks 
of false bedded Dwarka 11 aj^s tones. 
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On the windward side, the shore sand-dunes slope downward to 
form a variable width of sandy shell-strewed beach, from which the under- 
lying strata of Dwdrka flagstones emerge at low-tide mark, as usual 
along the whole of the coast-line from Porbandar City, to form a bold 
line of breakers. Towards the N. of Chdya, the Dwdrka flagstones 
persist until temporarily obscured by the alluvium or waters of the 
Porbandar Creek to be capped at the eastward bank of the latter by a 
very thin denuded deposit of decomposed miliolite. 

Contrary to all expectations, in following the south-eastward course 
of the Chdya ridge of consolidated blown -sand, that eminence gradu- 
ally dwindles down to rise again to the still 

Probable Deposit of Fine Miuoiite Sweater height of 96 feet above the level of 
Saiak Tobra near ^he sea in the direction of the small town of 

Adodar. 

Adodar, (pronounced Aorda), where it is 
known by the name of Saldk Tobra ; but Sdldk Tobra is no longer 
formed from blown-sand, being constituted from base to summit of much 
false -bedded and deeply decayed Dwarka flag-stones ; on its eastward 
slope however, | mile NW. of Adodar, the hill supports a fairly thick 
deposit of a finely-textured white limestone, strongly resembling a 
high-grade miliolite of the best quality ; but upon being handled the 
stone was found to break short w^hen sliced to the tenuity of J inch, 
whereas good miliolite can be cut almost to the thinness of a wafer 
without falling to pieces. Clearly then, this stone if it turns out to be a 
miliolite, ix., a true sedimentary stone of marine origin and Pleistocene 
Age, must be very peculiarly constituted. What the natureof that con- 
stitution really is, remains to be shown by forthcoming laboratory 
determinations. Meanwhile, it appears to be just possible that the stone 
is a true miliolite, from the circumstance that at about the same parallel 
and only a trifle over two miles inland, a small hillock, 56 feet above the 
sea-level, called C hi rora-ka -Tobra rests upon a base of Dwdrka 
flagstones surroimded by the alluvium of the Great Salt Marsh, and is 
apparently built up of much false-bedded, finely laminated limestone 
so much decomposed as to be on the very verge of dissolution. 

At Adodar itself, | mile NW. of the town, the Dwdrka flagstones, 
which evidently constitute a permanent feature of the coastal selvage 

are covered by a deep dome-shaped emi- 

Geoiogicai Structure of t h e nence of finely-textured, perforated and 
Coastal Borderland at ttie Parallel r , v . i , r , 

of Adodar. lalse-bedded, soft grey-brown stone 01 the 

Chdya type, and, like the latter, is very 

probably of aeolian origin. This was formerly quarried to a maximum 


14 



70 


Economic Geology of Porbandar State 


depth of 20 feet. Otherwise the geological structure of the coastal 
borderland at this parallel and right down SE. along the shore for fully 
3I miles to the neighbourhood of Tunkra, is essentially similar to that of 
Chdya, and might be correctly exemplified by an abbreviation of the same 
sectional diagram. 

Inland, however, the Dwdrka beds of Adodar, present a varied 
group of rubbly, concretionary, russet -coloured stone, interbedded with 
thin flagstones passing into richly fossiliferous conglomerates below ; and 
these beds outcrop, often at a large angle (on account of their false- 
bedding), to render the country roads exceedingly rough and rutty, 
for nearly a mile and a half inland, after which they are covered by the 
alluvium of the Great Salt Marsh, the main body of which roughly re- 
presents the enormous total of more than 60 square miles of reclaimable 
waste territory. 

Between the parallels of Chdya and Adodar, the inland geological 
structure of the country is to a large degree obscured by the alluvial 

deposits of the main-body of the Great 
Greit Sau which at this,^its northmost 

moiety, — has an average width of a little 
more than 4 miles ; — a dreary, barren waste of dark-grey mud passing 
into the condition of saliniferous clayey earth during the dry season, 
but flooded by the rains to the depth of many feet. The elevation of 
the land, which has been steadily progressing since the deposition of the 
miliolite in Pleistocene times, has already reclaimed considerable tracts 
of this periodically submerged land, and the deposits of alluvium, usual- 
ly deep enough for all agricultural purposes, and capable of being pre- 
pared almost without digging or ploughing, is acclaimed by native hus- 
bandmen to be wonderfully fertile, especially in germinating power and 
for the rapid growth and maturing of cereal crops. 

Patches of stony ground, notably to the south of Rdnghdwdo, around 
Khokliri Parab, the hillock of Chirora-ka-Tobra and midwav on the 


Geological Landmarks fixed 
from Mokai as a Centre of Obser- 
vation. 

beds of rubbly flagstones. 


track to Mokai, serve to reveal the conti- 
nuance right up to the westward confines 
of the last-named village— of Dwdrka 
To the N. of Mokai, where the strata are 


not covered b\ allu\ial deposits, the ground gradually shows outcrops 
of bedded-lavas ; but these soon become strewed over with miliolite 


drift, and are finalK co\ered more or less deeply by basement beds of 
miliolite-conglomerate and coarse miliolite on approaching the district 
to\\n of Randwio. Slightly eastward from RAndwdo, the miliolite 
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deposits are completely worn away at places to reveal false-bedded 
outcrops of medium-grained Dwdrka flagstones. 

Eastward of Mokal, the alluvium, still distinctly saliniferous, but 
augmented by detrital matter from . the northern uplands, is in like 
manner gradually ousted from the surface, first of all by outcrops of 
bedded-lava and then by a deposit directly upon the latter of basement 
beds of obliquely laminated miliolite, right up to the boundary of the 
State, via Bdpodar to the relics of old Asidwadar. Practically the same 
conditions prevail NE. to Wadwdla, and to the boundary district” 
town of Random a, a little beyond which across the River Minsar 
the ground becomes essentially volcanic ; — here, Dhdnak Dhdr, 
an outlier of hypabyssal rock, rises to the height of 137 feet above the 
level of the sea. 

Returning to the region of the shorelands of the State, a great 
gap in the continuity of the coast-line occurs about 5 furlongs N\V, 

of the village of Tunkra, whereby a formi- 
dablc inlet of about I mile broad remains 

Shorelands to the N. of Tunkra. 

patent to the open ocean during the rainy 
seasons, but is closed by a sandy-bar at other times. The effect of 
this break upon the geological structure of the coastal borderland has 
been to cause the stretch of low hillocks trending SE. from Adodar 
at a mean distance of 800 yards from the sea, to swerve slightly inland 
on both sides of the breach. The NW. extremity of this wide 
creek is much attenuated, and thereby affords a good crossing over a 
stone causeway which, when the monsoon floods subside, serves as a 
temporary dam to retain a considerable body of brine on its landward 
side, and the brine thus conserved forms a kind of pan from which 
evaporated salt is collected. 

While touching upon the subject of salt, it will be remembered that 
a pa'^sing allusion was made to the salt-pans located about a couple of 

miles NNW. of the City of Porbandar, 

Sa'it'-pan?ofPorbanaarst«^^ east bank of the backwater, from 

the working of which a small revenue 
accrues. With reference to this matter, the following brief sketch, 
taken from the writer's Rough Monthly Reports, may here be advan- 
tageously repeated : — “ Alluvial deposits obscure the bed of the back- 
water in the region of the salt-pans ; but from observations of outcrops 
on the roadway north-westward from Bokhira it is at least certain that 
the underlying strata belong to the Dwarka Group of beds, equivalent 
with those that stretch NW. to the confines of Kunchri and N. to Degdm. 
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The salt-pans are projected after the fashion of native wheat-fields, 
into a number of rectangular beds or shallow tanks, divided by 
channelled mud-banks or aqueducts ; and the brine from the back- 
water is collected at high-tide into a well-shaft or reservoir adjoining, from 
whence it is raised as required by leathern buckets and bullock-labour, 
to be allowed to flow by gravitation into the prepared pans. Evaporation 
by the fierce rays of the sun does the rest ; and, so soon as a sufficiency 
of salt has been precipitated, usually in caky layers of about an inch or 
two in thickness, it is simply gathered by handfuls, rinsed in the remaining 
brine and thrown into small heaps to be gathered for the market.’* 

“ Samples of the salt as well as of the mother-liquor were taken 
for analvses, with a view to determining whether it would be possible 

to profitably purify the former, or utilise 
nle{n“fhr\vaS>rotld the latter for the separation of magnesium 

liquor* of the PorbandarSalt-pans. ^j^ioride/’ Xow, it is well kno^\^l that 

when sea-water is evaporated, gypsum or the hydrous sulphate of lime 
is precipitated as soon as 37 per cent, of the water has been driven off ; 
but that the common salt or chloride of sodium remains in solution 
until 93 per cent, of water has evaporated. Again, the chloride of 
magnesium being more soluble than common salt, would naturally 
remain in much larger proportion than before in the residual mother- 
liquor ; so that when a sample of the mother-liquor, taken from the 
Porbandar ‘Salt-pans,’ was analysed*, it was not surprising to find 
that at a specific gravity of i '300, no less than 23.3 per cent, of magnesium 
chloride, equivalent to 48*6 ozs. per gallon, was estimated in the 
sample. It may be recorded that Dr. Dittmar's generally accepted esti- 
mation of 10 ’878 per cent, of magnesium chloride, in normal sea-water, f 
proves that the quantity of that salt in the sample under consideration 
IS unquestionably very high. Unfortunately, however, the insuperable 
difficulty that would be experienced in securing sufficient supplies up 
to standard of the sample, coupled with expensive teclinical processes and 
outlay for the installation of a costly plant, would render any project for 
the separation of the salt on a commercial scale, extremely hazardous. 

At the parallel of Tunkra, the comparatively low-lying shorelands, 
rise to a maximum height of only 44 feet above the sea-level, about 

Geolo^ca! Structure of the ^ tnile SE. of the village ; but the suc- 

cession of the strata, although in no- 
wise different in character or kind from 

* By R, E. J M Clll\ of the Porbandar Cement Works, on nth February 1916. 
t J^eporl of Vi^yage of the Challenger, ‘ Physics and Chem etry/ Vol. I, 1884. 
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that already noted to prevail on the north, are so deeply developed 
immediately beneath and on the west side of Tunkra, as to become 
commercially important. The compact shelly and sandy Dwdrka 
flagstones, containing abundant clastic fragments of Gij limonitic- 
limestone, form unusually thick beds of compact, more or less uniformly 
textured material suitable for general building purposes, but have only 
been sparingly extracted on the WSW. side of the village for local 
needs. 

Eastward from Tunkra, the Great Salt Marsh is encountered witlun 
a mile from the village, and extends for more than 6 miles in an unbroken 

waste, during the dry season, of saliniferous- 
Marsh'^E™of^unkra alluvium to depths of from a few inches to 

many feet. This alluvium, in a more or 
less pulverulent condition, if freed from an excess of salt, would instantly 
be converted into an ideal agricultural soil ; as demonstrated by the 
fertile stretch of alluvial land eastward of the marsh up to the boimdary 
of the State. A gradual reclamation of the land in this locality by 
natural causes, however, is most unfortunately subject to seasons of 
drought ; and, during the monsoon, to floods; which prevent the land 
from being cultivated for more than a very few months during each 
year. 


Suggestions for the Reclamation 
of Land from the Great Salt Marsh 
and Preliminary Irrigation Pro- 
posals. 


Suggestions for the reclamation of this vast tract of country-side 
have been recorded in the narrative portion of these reports ; but it 

may here be additionally noted that 
pending the installation of a comprehen- 
siv^e system for the conservation of surface 
drainage coupled with irrigation works, much immediate good might 
be done, by the use of a prospecting drill, to sink a few artesian well- 
shafts in the neighbourhoods where water is most needed during the 
dry season. The enormous discharge of freshwater into this region 
of the Great Salt Marsh has also been fully treated of in the narrative 
reports. 

Farther SE. along the coast -line, at the parallel of Gosa ; while the 
continuity of the Dwdrka beds along the seashore remains un- 
broken, although once more reduced to a 
less valuable and more distinctly flaggy 
condition, the blown-sand of sub-recent 
times appears to have invaded the borderland and become sub-aerially 
consolidated around and about the village site to considerable depths, 
giving rise to a thickness of from 6 to lo feet, of a finelv-textured grey- 


Geological Structure of 
Coastal Borderland at Gosa. 
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brown, soft stone, closely resembling good miliolite that has undergone 
partial decomposition. This stone has been largely extracted for local 
State use on the S. side of the village, but is not of sufficient impor- 
tance to be worked for commercial purposes. 

Inland from Gosa, somewhat similar conditions prevail as at the 
parallel of Tunkra ; for the town of Bhdd, from which the Bhddar River, 
— the largest and longest watercourse in the Province of Kathidwdr, — 
takes its name, lies upon a deep substratum of alluvium which once 
formed a part of the Great Salt Marsh, but has risen to its present eleva- 
tion of over 30 feet above the sea level during comparatively recent 
times. The land, for about a couple of miles east of Bhdd, to the State- 
boundary is also essentially alluvial but overlies a thin stratum of 
Dwdrka Group deposits, which in their turn overlap the bedded-lavas 
of the Deccan-trap. 

During the dry season, Bhdd in common with all the neighbouring 
villages, N., S. and E , suffers severely for a lack of fresh, potable 
water ; for, although the River Bhddar scarcely ever runs dry, its wateis 
near by Bhdd, and far beyond, are almost briny ; while well-shafts, 
when sunk to the depth of more than 10 feet, also yield brackish water. 
Well-shafts, however, have not hitherto been sunk to greater depths 
than 30 feet or so, and certainly not so deep as to penetrate the bedded- 
lavas ; hence it is very likely that an unfailing supply of fresh water 
would be obtained by the sinking of artesian shafts hereabouts. 

Towards the SE. of Gosa, the deposits of consolidated blown-sand 


accumulate to form an eminence overlooking the village of Nawngdm 


Geological Structure of the 
Coastal Borderland between the 
Parallels of Gosa and Navibandar. 


otherwise called Rdjpura, where the soft 
stone is also quarried for local State use. 
The upper layers of stone in the small 


pit-quarry are somewhat perforated and resemble the material of a 


similar ongn, exca\ated on a large scale at Chdya j but, at a depth of 
about i.i feet from the surface, the stone changes in character, being 
composed almost entirely/ of small and comminuted fragments of recent 
shells. 


Between Gosa and Navibandar, a distance of about 4^ miles, there 
a decided depression of the shorelands, wffiich slope down from 33 to 
13 and finally to only a foot or two above the sea level on the northern 
side of the great creek into which the River Bhddar fiow^s. The general 
geological structure of this tract of land has been given in detail in the 
Narrative Reconnaissance Reports j but it may additionally be observed 
in this place that the flat agricultural patch which extends inland for 
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over a mile and includes the village of Sikdsa to the N. of the mouth 
of the River Bhddar, shows a deposit of recent alluvium, overl5dng 
about 3 feet of limy and gravelly conglomerate crowded with the remains 
of recent shells, resting upon a base of compact flagstones of the Dwdrka 
Group ; and this succession appears to be continued for more than 5 
miles inland, beneath and beyond the small mud -built town of Garej, 
a trifle over 2 miles from the boundary of the State. The Great 5 ^ 1 t 
Marsh at this place moreover becomes abruptly constricted to a narrow 
band of about half -a -mile in width, along which the bifurcated channel 
of an effluent runs into the mouth of the River Bhddar, £ mile ENE. of 
Sikdsa. 


At Navibandar itself, the wide creek of the Bhddar, instead of 
affording a good harbour, takes a NVV. course, parallel with the shore* 

line and is cut off from the open ocean 
Geological stnicture of the by a narrow bar of sand-covered rock, 
dartoPata. With but a shallow outlet towards its 

central part. The geological structure of 
the coastal borderland from the south of the town for a distance of 
about 15 miles down to the neighbourhood of the village of Pdta, con- 
tinues constant, without any appreciable irregularity and may be typi- 
fied by the natural exposures around and about the sea-side town as 
follows : — A strip of sloping beach of variable width is bounded at low- 
water mark by large breakers of compact, hard arenaceous and shelly 
flagstones of the Dwdrka Group ; while a considerable space inland 
is covered by sand dunes of variable heights ; — 35, 24 and up to 43 
feet above the sea level, respectively, near Navibandar, Bale] and 
Pdta. 


Inland, at a mean distance of about f mile from the coast, the 
Dwdrka Group of beds rises to form a more or less continuous ridge of 
hillocks ; which, in the neighbourhood of Balej and southward are suc- 
ceeded by a subsidiary subparallel ridge, slightly farther inland ; while 
from thence eastward, to the boundary of the State, about 4 miles 
distant, the strata are practically obscured, except at sundry patches 
and inconspicuous elevations, by deposits of alluvium ; — vestiges of the 
former bottom of the Great Salt Marsh, which must, at one time, have 
extended over the whole of the southernmost districts of the State, right 
down to Mddhavpur and beyond. 

At the parallel of Navibandar, to the south of the River Bhddar. 
the Great Salt Marsh still covers a very considerable area, — ^practically 
of about 8 square miles of waste ; and this barren tract is prolonged 
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southward by a strip of about i mile broad by 5 miles long to the northern 
confines of the town of Balej. 

The geological structure of the whole of the country-side from Navi- 
bandar to beyond MAdhavpur, and from the coast-line to the inland 
boundaries of the State, has been recorded in detail in the narrative 
portion of these reports ; so that it now only remains to draw atten- 
tion to a few noteworthy observations made by the way, which 
may eventually turn out to be of either local or general economic 


importance. 

Attention has been directed to the conspicuous part taken by the 
blown-sand of the seascape (and the way in which the dunes thus formed 

are held in place by the agency of plants), 
Geological Importance and in preventing an undue devastation of the 
Smd over t^e coastal borderland. It ought therefore 

of Porbandar state. both interesting and useful to learn 

precisely how and by what means, the land in this part of the Province is 
conserved ; and fortunately, a series of typical examples are available 
in the neighbourhood of Navi bandar as follows 

(i). — Bordering the beach and but seldom more than 100 yards 
or so inland therefrom, the sand is frequently held firmly together by 

the strong underground stems of the 

Principal Plant-agents Con- ^ - r 1 1 1 1 1 1 1 

cemed in the Conservation of the beautilul purple-belled perennial creeper. 

Sand-dnnes of Porbandar State. 777. ,,7-. 

Ipomcea biloba, — the Convolvulus Pe^^capYce 
of Roxburgh, — ^which, by forming a powerful network a few inches 
below the surface, serves to keep the sandy surface practically flat and 
level. .Associated with this plant, especiall}^ at the edges of the low- 
scarp immediately above the beach, may be usually found tufts of the 
strongly rooted wiry grass Halopynim ynucYonatum ; and both of these, 
in days of drought, furnish fodder for camels, goats and even sheep 
and kine. 

(n). — ^The sand naturally slopes down for a few feet, immediately 
on the leeward side of the lines of growth above noted ; but is re -arrested 
for from 100 to 200 yards or more, by close growths of sedges, chiefly 


of Cyperus stoloniferus, C. rotundus and Idndred species, which bind the 
surface of the sand into a succession of miniature mounds and short 
ridges of but a few inches in height, yet quite sufficient to prevent verv 
considerable quantities from being blown much farther inlanvd. 

{Hi). Farther inland, most of the remainder of the free sand is 
caught up by small clumps of shrubs, and retained in situ as mounds 
of larger dimensions than those formed by the sedges. From a distance 
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Fig. 31.- Excavations at Babudi Khan, ^ mile ESE. of Madhavpur. A. About ton foot of semi oonsolidated 
blown s.'uul at the toj) ol tlie quarry baek. B. From 20 to 24 leet ol toleral>ly eompact eonsi>lidaled blowm 
sand, out out into bu)khni4* bloi'ks iS b\’ 12 b}' 6 inelies. C. Mound ol wastage. lAom a phofoirraph by 
F. Ho\v\Rl) Ads K, t aJ.s,, taken on the 171)1 Apnl, iqib. 
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these closely crowded mounds might well be mistaken for a flock of 
sheep. Near Navibandar, they are chiefly produced by growths of 
the rubiaceous plant Hydrophylax maritima sometimes mixed with 
bushes of the ubiquitous wild jujube, Zizyphiis numniularia ; while 
still farther inland, where only a very spare deposit of blown -sand 
remains, it is commonly held together by growths of the acanthaceous 
herb, Lepidagathis irinervis. At other places, notably near Midni, the 
roches moatonnees appearance of the blown -sand is principally caused 
by close growths of two or three species of Heliotr opium — H. ovalifolium 
and H. indicmn being of the most common occurrence. 

(iv). — Quite local in its distribution, but nevertheless serving 
to bind the surface of the blown -sand very solidly together, over con- 
siderable areas, wherever it once takes root, the common or Barbados 
Aloe, — Aloe vera, — occasionally grows wild upon the dunes of the sea- 
shore, especially approaching Por bandar City and neai the village of 
Pdta. 

Sub -aerially consolidated sand of sub-recent and recent formation 
furnishes material for a very large and important but strictly local 

industry in Porbandar State. From the 
Con^soiidat^'she^^MiS*'^ ***^****^ lower levels of the slowly elevating beach, 

the loosely porous stone, composed almost 
entirely of comminuted shells of marine molluscs, held together by a 
variable proportion of secondary lime, is very extensively quarried 
along the sea-shore from Porbandar City north-westward for about 
4J miles to within a stone's -throw from Khimeshwar Temple near 
Kunchri ; while although similar material unquestionably exists in 
the same horizon, all along the coast-line, it has only occasionally been 
excavated and utilised at other places, on a subordinate scale ; — as at 
Mithi Kh^n near Chdya, on the SW. side of Chingaria, and about 200 
yards SSW. of Pdta. 

When, however, the finer particles of sand* are wafted inshore by 
the sea-breezes to form a succession of dunes, and the latter gradually 

come to assume more or less inland sites, 
Biown^sand^^*** ^^”^^***^*** frequently happens, according to the 

age of the structure, that either its lower- 
most layers or the entire fabric from base to summit becomes transformed 
into more or less compact stone ; — and nearly always of a tolerably 
fine texture. Numerous examples of these sub-aerially consolidated 

*' Not necessarily grains of quartz, but composed mainly of calcareous organic 
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blown-sands are to be met with along the region of the coastal borderland 
of Porbandar State, and have been duly registered in their proper places 
in the pages of the Narrative Reports. A few of the more commercially 
valuable of these may nevertheless be grouped together in this summary 
in the order of their importance as follows : (t). — Chdya -stone, directly 
overlying the beds of hard, sandy and shelly limestones of the Dwdrka 
Group ; very deeply quarried for building-blocks, about 2^ miles SE. 
of Porbandar City. (n). — MMhavpur-stone, extensively quarried for 
local use only, in the neighbourhood of the sea-side town, from the 
ancient consolidated sand-dunes there situated. {Hi ), — Gosa and Nawa- 
gdm-stone, desultorily extracted for State use. (u*). — Other minor sites 
only occasionally drav^n upon at Adodar and Pdta. None of these, 
with the exception perhaps of the most compact variety of the Chdya- 
stone, are sufficiently useful for building purposes to justify more than 
strictly local cartage expenses. 

Finally, with reference to the southern districts of the State, namely, 
from Porbandar City to Mddhavpur the problem of how to supply 

o ^ 1 . high-grade materials for road-making, at 

Road-metalling Materials for the ® 

Southern Districts of Porbandar small initial cost, is an unusually difficult 

State. 

one to solve. For the City itself, an 
abundant supply of the highest possible grades of road-metals is 
fortunately available at reasonable rates, by means of existing railroad 
facilities from the main quarry sites near Rindwdo. The northern 
districts of the State, if not quite so advantageously situated, can 
nevertheless be fairly well catered for from a few tolerably large and 
far-reaching volcanic dykes and some of the more compact bedded- 
lavas through which the dykes are thrust ; but the southern moietv of 
the State, with the exception of its remote north-eastern portion does 
not contain any material harder or more durable than sundry zones 
of highly arenaceous limestones of the Dw^rka Group, which, of course, 
rank quite low in the attrition-test scale of road-making stones. 

Ob\dously, the highest -grades of macadamising material would, 
in the long run, also be the cheapest that could be used ; but, in ord^r to 
minimise immediate transport expenses, the next best thing that could 
be done would be to utilise the most durable of local materials. These 
comprise :(i). — The hard and compact varieties of arenaceous and 
shelly Dwdrka-Group limestones, miscalled kdld-paml or black-stone,’' 
which occurs in the form of large blocks or breakers at low-tide-mark 
all along the coast-line, and is re-exposed at a mean distance of about 
2 furlongs inland in positions suitable for excavation, (u). — ^Another 
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variety of apparently azoic, arenaceous flagstones, much false -bedded 
N. by NNE. of Rabdrikhira near Bale], and in somewhat different 
but more extensive development forming groups of ridge-hillocks to 
the S. and SSE. of Mulmddhavpur ; and a fossil -bearing zone 
of the same stone excavated from shallow surface pits, called 
collectively the ' Veler Khdn,' i mile E. and also mile N. 
by NNE. of Mulmddhavpur. {Hi ), — A buff to ruddy, rubbly, 
sometimes conglomeratic and concretionary zone of indurated, 
sandy limestone, likewise belonging to the Dwdrka Group of beds, found 
in good workable exposures underlying the small town of Adodar ; 
on the NE, slope of the ridge of hills ESE. of Pdta ; at the 
surface i mile SE. of Mander ; and from Babudi Khdn i,ooo yards or 
so NE. by ENE. of Kadach. 




FINAL QUARTERLY REPORT 

ON 

THE ECONOMIC GEOLOGY OF PORBANDAR STATE 

BY 

E. HOWARD ADYE, F.G.S., etc. 

Directory Geological Survey of Porhandar State, 


March, April and May, 1916. 


Location of the Oldest Bocks in 
Porhandar State. 


R eferring back to the oldest rocks encountered in Porhandar 
State, namely, the Earlier Eruptives or Beddeddavas of the 
Deccan-Trap Period,* the approximate 
situation of the areas characterised by their 
outcrops, is shown upon the geological 
chart accompanying this report, by a flat green tint ; while the dykes 
belonging to the same series as well as those pertaining to the later 
period o( volcanic activity are indicated by long red lines to mark their 
courses across the countryside. 

There can be no room for doubt that the bedded-lavas of Porhandar 
State, in common with their counterparts covering by far the 

largest portion of the Province of Kd- 
thidwdr, were formed by successive effusions 
of molten matter from numerous elongated 
vents or fissures in the earth’s crust, t and that their history dates back 
to Cretaceo-Eocene times but, as the principal problems which call 
for consideration in this connection are concerned with matters of com- 
mercial importance rather than of scientific interest, it must at present 
suffice to afford a brief description of the general structure and mode 
of occurrence of these lava-flows for the guidance of prospectors in quest 
of economic products. 


The Bedded-Lavas of Porhandar 
State. 


* Ut s%vpray 19,20. 

t "‘Memoir on the Economic Geology of Navanagar State,” by E. Howard 
Adye, Bombay, 1914, pp. 26, 27. 
t Op. cit.y pp. 51, 52. 
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Each consolidated bed of lava, which may vary from less than 
six to ten feet as a rule, but sometimes reaches to as much as from fifteen 

to twenty feet in thickness, may be roughly 
Bedded-Lava Zones. divided into three zones, which usually 

pass insensibly into one another, viz. : — 
An upper, exposed or superficial layer of inconsiderable thickness, 
characterised by a rough crust, frequently bearing volcanic ashes, ejec- 
tamenta or scoriae, and therefore called the scoriaceoiis zone ; but also 
holding innumerable steam-created vesicles, and hence, likewise known 
as the vesicular zone. These vesicles usually assume elongated shapes 
by reason of congelation during the flow of the still molten mass, and 
become more or less almond-shaped ; so that when they are afterwards 
filled or partially filled with secondary products, the lava is said to be 
amygdaloidal.^ The contents of these vesicles, or amygdales, may be 
derived by infiltration from without or by internal segregative changes ; 
and by reason of their varied composition, colours, contours and distri- 
bution in the substance of the rock, frequently endow the latter with 
an ornamental character. 


Although no ‘ hard and fast ' rules can be laid down about the 
shapes, sizes and arrangement of amygdales in lava-flows, it may be 

stated that while the most superficial 
Amygdales and Geodes. portions of the amygdaloidal zone usually 

exhibit almond-shaped vesicles, the latter 
generally show a tendency to become quite spherical a trifle deeper 
down ; and, upon approaching the lower or compact zone, assume al- 
together irregular shapes and are less frequently formed. When the 
amygdales exceed an ordinary almond in size, they are commonly called 
geodes ;t and geodes which occupy larger spaces than those likely to 
have been produced by steam, may frequently assume gigantic dimen- 
sions within these lava-flows of the Deccan-Trap Period. 


Both amygdales and geodes, necessarily vary very much in com- 
position, but the commonest kinds that are met with in the bedded 

lavas of Porbandar State and the Province 
Variations in Composition of a., x n • . i- 

Amygdales, Kathiawar generally, consist of aggre- 

gated crystals of zeolite (natrolite or 
mesolite) or of purely siliceous matter such as chalcedony and quartz 
Less frequently, calcite may predominate ; and sometimes, tolerably 


• From the Greek amygdalos, an almond, and eidosj like, 
t From the Greek gaiodes, earthy. 


Plate XXXI. 



Regd. No. 35.— Fig. 33. —Typical Highest-Grade of 
Miliolite-Limestone. 

Ranawao Quarries, Adatiana Heights, Barda Hills. 

Magnified 20 Diameters. 

From cl hugfo block, which wa:?! cxhibitctl to tl. E. Lord L.vMington, as the hi^liost- 
grade of ‘ Porbandar-Stone.’ The clastic units are of approximate!} 
uniform sizes,— from .1,, to J,, inch, and are cemented together by a very 
fine mosaic of water-clear secondary calcite. F. — Foramimfera of both 
littoral and pelagic habit '.^RotaJidiC. Ghd)h^crinida\ but only a few 
Miliolidir. M.— Fragment ot shells ot mostly recalcified Imt 

sometimes exhibiting liistological structure. E. — Hus of calcified areolar 
tissue and spines ot ludiino idea G.— A green internal cast or pseudomor}di 
of glauconite. Q- Placed lielow an angular minute fragment of cleat- 
quartz, of which there are comparatively lew. S. — Empty spaces trom 
which particles have dropped out during the processes ot preparation. 
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large geodes of moss-agate may occur. These amygdales and geode? 
are usually coated with thin crusts of either green or red silicide of iron ; 
and in those instances where the amygdales are of small sizes, (| to J 
inch in diameter), approximately spherical shapes and closely crowded 
in the matrix of the lava, the stone becomes more or less 
ornamental. 

Ornamental amygdaloids naturally present a black, blue-black 
or dark-grey ground-mass when in a perfectly fresh and unaltered con- 
dition ; but when subjected to sunbaking 
Ornamental Amygdaloids. incipient iaterisation Or thermal meta- 

morphism, by the contact of subsequent 
lava-flows or the intrusion of dykes and sheets, their beauty becomes 
greatly enhanced by the changes in colour of the lava-matrix to purple, 
brown, maroon and deep red hues. Unfortunately this alteration 
accompanied by an increase of hardness, does not extend very deeply 
into the substance of the stone ; but there are nevertheless many local 
instances where considerable quantities of highly ornamental material, 
are available in sufficiently large blocks and slabs to meet the wants 
of craftsmen and manufacturers of ornamental goods, such as mantel- 
pieces, small table-tops, caskets, vases, clock-cases and the like. 


Porosity of Amygdaloidal Lava 
Zones. 


Amygdaloidal lavas, by reason of their structure, cannot withstand 
severe stress or impacts to the same degree as material from the compact 

or non-amygdaloidal zone of bedded-lavas, 
and are therefore unsuitable for building 
or road-making purposes. Water more- 
over percolates more or less freely through the generality of amygdaloidal 
lavas, to be arrested and collect underground by the succeeding zone 
of practically impervious or compact lava. 

The middle or compact zone of a lava bed, usually attains to much 
greater thickness than the upper or amygdaloidal region. It may take 

on the character of a finely textured, 
of BTcidedaivar sparingly porphyritic basalt of black, 


blue-black or deep grey colour, except 
when laid bare by denudation and subjected to monsoon conditions 
alternating with sunbaking. Under such circumstances the mass of 
the rock may become changed in both colour and consistency ; — some- 
times softened and partially or wholly laterised ; at other times very 
sensibly hardened and altered to various hues of grey, brown, purple 
or red. 
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Economic Products derived from 
the Middle Zone of Bedded-Lavas. 


From the compact zone, which generally exhibits columnar jointing 
and spheroidal shrinkages, very large and sound blocks of stone can 

usually be obtained by blasting, and when 
these are largely porphyritic, may fre- 
quently rank as ornamental stones ; while 
the non-porphyritic varieties, although not so enduring, tough and 
strong as the hypabyssal granophyres and diabases are yet sufficiently 
good to command attention for use in building the piers of bridges, 
as curbstones and copings, for paving-setts and as reliable road-metal. 

The third or lowermost zone of the lava-bed is not always present. 
Its typical development consists of a comparatively thin zone, seldom 

The lowermost Zone of Bedded- exceeding six inches in thickness and 
Lavas with Vertical Stem -like consisting of a finely textured basalt 
Amygdaics. traversed vertically by branched or simple 

stem-like amygdales, caused by the molten lava passing over a cold 
surface, so that jets of steam are ejected upward into the flowing mass, 
and the latter rapidly solidifying, results in this peculiar style of vesi- 
cular structure, which subsequently becomes amygdaloidal by secondary 
infiltrations. 

These bedded-lavas of Cretaceous Age are the representatives 
of the oldest rocks that are laid bare by denudation in Porbandar State ; 

they are indicated on the coloured chart 
by a flat green tint, and physiographically 
are present in the form of wide rock- 
plains diversified at intervals by isolated but more frequently by ranges 
of more or less terraced hills of the so-called hog-backed '' type. 

At the dawn of the Eocene Epoch, the concentration of volcanic 
activity at foci located at the present site of the Barda Group of hills, 
must have been effectual in shattering the bedded-lavas at that localit}^ 
and of forming a stupendous mountain of stone. By subsequent denu- 
dation the mountain mass must have been shorn to its very base, leaving 
the present eminences of hypabyssal rocks bare, and buttressed at their 
boundaries by the older bedded-lavas through which they were thrust 

It is worthy of remark in this place, that in the immediate neigh- 
bourhood of the hypabyssal formations at the base of the Barda Hills 

bedded-lavas have become indurated 

Alteration of Bedded-Lava by ^ i 

Contact Metamorphism. ^ marked degree and often show rare 

and peculiarly metamorphosed minerals 
and alteration products. These phenomena are strikingly exemplihed 


Locale and Physiographical 
Features of the Bedded-Lavas. 


Plate XXXI 1 



Regd. No. 19.— Fig. 34.- Concretionary Miliolitic Lime 
Invading Underlying Upper Owarka 
Foraminiferal Limestone. 

Half'S^mile from Porbandar Creek on Highway-side to Ranawao. 

Rrsolvi'd bv W.VTsON iS: SONs’ ^ inch Objective^ 0*34 Xumcrical Apcrtu}c, 

Amplified 50 Diameters. 

Matrix ot .unorphoiis, concretionary, intiltered lime, L, derived by solution from 
tormer overl\in<< miliolite. F. — Rccalcified tests ot rotaloid Fnrnminifcray 
surroimded by narrow /ones of clear recrystallised calcite. M.--Reealci- 
fietl rebes ot shells ot Mi)llui.ia, In other parts of the same section sonu‘ 
of these show histoloii^ical structure. Q. — Angular minute fragments ot 
water-clear quartz, one of ivhicli, Q', bears etjdomorphs of zircon. The 
entire mass is irregularly stained pink-brown with terric hydrate. 
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in the rocks registered as Nos. 542 and 543, which were taken from a 
newly sunk well-shaft li miles NE. by NNE. of the sequestered 
\'illage of Asiapat at the eastern base of the Barda Hills. 

Cutting through the bedded-lavas on the westward aspect of the 
Barda Hills, there are many intrusions of dykes, especially in the neigh- 
bourhood of N^gka, of light or acid volcanic 

rocks^Bhyomfs^"’‘^“‘' rhyoUtcs, some of which 

are prettily banded ; while others have 
consolidated into black and dark brown intrusions of glassy texture 
known as obsidians. These dykes are invariably confined to the 
region at or near by the base of the hills, and are assigned to an early 
period of the final phase of eruption from the Barda focus or foci. They 
yield excellent building blocks and smaller ornamental stones, which, 
however, have not hitherto been utilised in any way, but are never- 
theless well worthy of exploitation by reason of their pleasing hues of 
cool greys, browns, and fawnc olours and the comparative ease with 
which they can be extracted and tooled. 


Basic or Dark Volcanic Dyke 
rocks. 


In contradistinction to the rhyolites come the dykes of dense black 
basalt of excebsively fine texture and frequently of gigantic dimensions, 

which traverse the countryside from their 
foci of eruption in the Barda group of 
hills often for many miles above and 
underground ; the former being indicated on the coloured chart by thin 
red lines. Like the rh\'olites these must have been intruded during 
the final phases ot eruption in Eocene times immediately succeeding the 
extrusion of the acid volcanics. They yield an abundance of intensely 
hard shingle suitable for road-metak second only in enduring properties 
to the best of granophyres. 

Prolonged denudation must have followed the cessation of volcanic 
activity, and there are evidences to show that a subsequent submergence 

of the southern and south-western bor- 
Locaie of the Gaj, (Miocene), derland of the Province must have taken 
Group of Beds. place in Tertiary times, for deposits of 

Cxcij (Miocene) strata abounding in characteristic fossil remains, are 
to be found directly overlying the igneous rocks of the Deccan-Trap 
Period, right up from the coast line to the base of the Barda group of 
hills in Porbandar State. 
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There does not appear to be a very wide break in succession between 
these Gaj rocks, which are mostly of the nature of yellow, limonitic 

fossihferous limestones and marls, and 
The Gaj and Dwarka Groups of succeeding or Overlying Dwdrka Group 

of beds ; but it is clear that a period of 
elevation and then of subsidence must have supervened, presumably 
during the latter days of the Tertiary Age, to account for the differences 
in lithological character and fossil contents of the two groups of Gaj 
and Dwarka beds ; while the latter evidently went on accumulating 
uninterruptedly right into the Pleistocene Period. 

The Gaj Group (>{ beds yield a few excellent ornamental stones, 
the most noteworthy of which occurring in merchantable quantities 

Economic Products Irom the the writer after 

Gaj Beds. Pindaraiite and Bhar- their principal localities, Pinddralite (in 
waraiite. Navanagar), and Bhhrwdrdlite from th* 

vicinity of Bharwani in Porbandar State. The first of these has been 
sparingly employed for local buildings and as an ornamental stone 
in the Palace of H. H. The M.aharaja Jam Saheb of Nava- 
XAGAR ; while the second, an apparently homogenous stone of a rich 
cinnamon hue, has not yet been utilised in any way. 


e)f the Dwarka Group of beds, which in Porbandar State attain 
to quite an insignificant total thickness of -trata, many important 
areas of building materials are available on account (jf the widespread 


occurrence of the beds thickly along the 

Economic Products from the borderland and thin- 

Dwarka Group of Beds. 

nmg down to nil right up to the base of 
the Barda Group hills at Addtiana, Randwao and even far beyond. 

The base of the series, rcbting conformably on the (idj limonitic 
limestone, and well exposed in the neighbourhood of Degam is con- 
„ i- •»« TV » stituted bv a coarse conglomerate larf^elv 

The Base of the Dwarka Group ' ^ 

(;f Beds, Kunchri and Degam- composed of the valves of lamellibraii- 

chiate sheik. This may or may not be 
overlaid by a compactly textured white to pink foraminiferal limestone 
rapped by thinly laminated alternately coarse and tine layers. The 


iormer may be .seen in typical development on the bed of Visaw.ira 
dreek-inouth and in wel!--hafts at Sirinagar : while the latter furnishes 


the bulk of the enormous output or what are commercially known as 
Runchri and-Degam stones respectively, >o largely used for the found- 
ations of buildings in Porbandar Citv. 




Regd. No. 98.— Fig. 35.— Incipient Spherulitic Felsite. 

Summit of Bhatwari Dhar, Barda Hills. 

/vi'SffiVt'd hy Watson* Sons’ inch Ohjccth'i\ 0*17 Xitnicrical Aperture* 

Amplified 15 Diameters. 

Cryptocrystalline felsitic ground-mass, G, in subordinate development, S.— Sub- 
longitudinal and oblique sections of sanidine. Tlie elongated sections 
shows multiple twinning between crossed nicols. A. — Sub-ldiomorpira 
grecji crystals of augile. A .--Incipient green spicular crystals augite 
A" — ^ndigo-coloiired, moniiiforni, radiating trichites of p\roxene. M. 
Opaque black magnetite. E,— Honey-yellow abnormal epidote. 
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The Kiinchri-stone is much discoloured, and more fissile than the 
Degdm-stone, but it is harder by reason of its mode of occurrence, being 

quite superficial and only 2 or 3 feet in 
Attributes and uses ot Kunchri thickness, SO that the bulk of the material 

gets hardened by sunbaking. Degam- 
stone, on the other hand, while belonging to the same horizon, is develop- 
ed more deeply from the surface, dowm to as much and sometimes more 
than 10 feet. It is of a white colour tinged with laminae of pink, and 
not so fissile as its Kunchri counterpart. Both varieties are available 
in slabs and blocks of large sizes, and when laid with the lamination 
in a horizontal position are accounted to be very strong ana capable 
of withstanding enormous stress and crushing force, so that they are in 
universal local demand for foundations, but being of coarse texture 
and inferior quality cannot realise prices to cover the charges for freight 
to foreign ports. 


Under the microscope both Kunchri and Deg^m stones cannot 
be readily distinguished from the later-formed miliolite-limestones. 


Kunchri and Degam-stones 
under the Microscope. 


and all of them probably belong to the 
Plesitocene Period of the geological 


record. 


Overlying the Kunchri and Degjim stones in other localities and 
probably contemporary with them comes an inconsiderable thickness 


Consolidated Shell-sand of the 
Dwarka Group of Beds. 


of very variable beds of a hard and 
tough limestone which the writer has 
named “ Consolidated SheU-sand.” This 


material occurs in finest development along the coastal borderland 
of Porbandar State and gradually tails down to nil inland as far as the 
base of the Barda Group of hills ; being detectable far beyond the town 
of Ranawfio on the surface of the highway-side approaching and beyond 
Virpur. 


Consolidated Shell-sand is clearly the relic of a former beach probably 
belonging to the Dwarka Group of beds. It occurs mostlv in the form 
of slabs from 2 to 6 inches in thickness ; but along the shore at low^- 
w'ater mark and notably at the village of Tunkra and beyond, to as 
far as the town of Navibandar can be extracted in blocks of large di- 
mensions ranging from 6 inches to a little more than 2 feet in 
thickness. 
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Sufficient material is available to make the Consolidated Shell-sand, 
a lasting commercial-asset but it is prone to ^’ary very greatly in texture 

and physical properties, even in the same 
Shell-sand. quarry site, irom a very coarse mass in 

which large shells and big pebbles can 
be clearly discerned without artificial aid, to a very compact rock com- 
posed of finely comminuted shells, entire tests of polythalamous fora- 
minifers, minute quartz grains and equally small and well-rounded 
fragments of previously formed Gdj hmonitic limestone, all firmly bound 
together by a matrix of secondary or re-cry^tallised calcite, usually in 
the form of water-clear mosaics. 


At Tunkra, the matrix of calcite is differentiated into radiating 
fibres, which endows thin sections when \'iewed under the microscope 

UniQue Variety of Consolidated quite a unique and exceedingly 

Sbeii-sand;at Tunkra. beautiful appearance. 


These raried-beaches of consolidated shell-sand frequently yield 
large slabs and even goodly-sized blocks of very compact greyish-white 

stone of such fine texture that they admit 
cr'scHrale^s":.™"'* being poli.hed and when struck by a 

hammer on a thin edge, ring with the 
clang of a metallic bell. Such specimens could, of course, be profitably 
utilised for the manufacture of a large variety of useful and ornamental 
wares, such as table-tops, clock-cases and the like ; but the material 
whether coarse or fine is deserving of more extended use fur the erection 


of dwelling-houses, especially at the sea-side by reason of being practically 
unaffected by salt spray, probably on account of its origin along the 
littoral of the sea. 


In patches along the coastal borderland, and indiscriminate! v 
covering all the older formed rocks which were exposed by denudation 


Distribution of Porbandar stone’ 
or Miliolite-limestone. 


during the period of its deposition in later 
Pleistocene days, come the undenuded 


remains of the best known of merchantable 


stone known as ^ Porbandar-stone ^ or Miliolite-limestone, which fills 
up every place of vantage throughout the length and breadth of the 
Province, and leaves its line of limitation on the hill-sides, to prove 
that the whole of the country was submerged with the exception of its 
loftiest hiU-tops. The mean limestone limit in Porbandar may be given 
roughly at 300 feet above the sea-level. 



Plate XXXIV. 



Regd. No. 98.^Fig. 36.— Incipient Sptaerulitic Felsite. 

Summit of Bhalwari Dhar, Barda Hills. 

Rcs<>lvcd by Watson & Sons’ ^ inch Objective., o'34 Xuniericai 

Amplified 50 Diameters. 

Xo \vell-cle\ eloped j^routid-mass is shown in this field of view. S. —Transverse 
sections of colourless sanidine, full ot inclusions. A. — Idioinorphic 
crystals of screen augite. A. 'Incipient spicular crystals c^f ^reen 
augiie of a second generation. A Moniliform radiating, indig o«colour- 
ed trichites c^f pyroxene. Inaugurating* the formation ot spheruhtes. 
M. -Op aque black magnetite. E. — Monoclinic honey-yeliow abnormal 
epidote. G, — Cryptocrystalline felsite or ground-mass. 
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The succession of rocks in the region of the Barda Group of hills 
may be best elucidated by referring to the diagram on Plate XXX. 

The Succession of Hocks in the will thcrc bc seen at a glanco that the 
Region of the Barda Group of mountain-massive of felsite-* and grano- 

phyres thrust through the previously form- 
ed bedded-lavas of the Deccan-trap Period and buttressed at it-^ base 
by the latter, is eroded to form deep gorges and a more or les^ detinite 
and continuous cradle at the tV-ot of the formation. The plain hnlow, 
which stretches westward to the sea-coast, covend bv irregular patches 
of Gu] limonitic -limestones and conglomerates overlaid by :in appreciable 
deposit of Dwarka-beds shell-sand, and capped evirv lieie and tliere 
by varying thicknesses of miiiolite-lime^tone Tli*' latter attaining 
to its maximal development, sporadically, along the basal (.nidlt of the 
hills and their numerous gorges. The limestone line of limit. •ti<-n in this 
region ceases abruptly at an ave rage of about ;/»o fu t above tin lewl 
of the sea. 


PETROGRAPHICAL DETERMINATIONS. 

Leading Phyla of the Economic Building and Ornamental Stones 
of Porbandar State. 

PHYLUM A. — MILIOLITE-LIMESTONL. 

A/T ORE THAN HALF-A-CE.\TURV h .s elap^Lci siiia' thi- valuable 
building stone was first exploited on a comnierdal scale 
and exported from Porbandar to the markets of Pcii.uwular India. It 

leading Types of Building-stones: consequently acquired the appropriate 

MiUoUte-iimestone or ‘ Porbandar trade designation of ‘ Purbaudar-Stonc' 

irrespective of the localitie- from which 

supplies have been drawn. 

By virtue of its intrinsic merits, and being still available, at its 
best, from the original extensive quarry-sites on the .\datiana Heights 
near Ranawfio, the material continues to command, and is therefore 
now accorded a premier place in these pages. 

The many localities where merchantable miliohte has been found 
available, its geological age, mode of occurrence, physical pro- 
perties, chemical composition, numerous varieties, commercial grades 
and quahties, microscopic structure, specific uses, and the alterations 
which it undergoes, have one and all been sufficiently treated of in the 
foregoing pages and may be severally referred to by consulting the 
■ Table of Contents’ and Index to this volume. 



Plate XXXV 



Regd. No. 538. —Fig. 37.— Spherulitic Felsite. 

Krishna Jhar, 1 mile NNE. of Summit of Babia Dungar, Barda Hills. 

Ar \V \TsOS Sons’ i\ 'mcJi Ohjcriivi^ 0*17 umerical Aprytinw 

Amplified 15 Diameters. 

In this sunbaked, ornamental stone, the grourul-mass is of a dual character :-“G. — 
Comparatively coarse, and, G', almost ultramicroscopic in texiure. S. — 
Larg'e, idioinorphic, twinned crystal of sanidme, showing rectangular 
reticulations, and forming the nucleus of a Large splieruhte. Sp. — 
Radiating fibrils of the spherulite'^. A trifle ot decayed Miiall crystals 01 
magnetite and incipient spicuU s of green p}ioxene may be detected 
with higher powers in the more finely textured areas ot the ground-mass. 
E. — Empty spaces. 
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In order, however, to convey a correct and more vivid impression 
of the intimate structure of the stone, the sizes, condition and corre- 
lation of its clastic units, the aspect and true nature of its binding matrix 
(upon each and all of which collectively the economic \^alue of samples 
depends), it wiU be necessary to supplement an accurate pictorial illus- 
tration ; and this therefore is here afforded by Fig. 33, Plate XXXI, 
accompanied by its explanatory text. 


Variations in Texture and Com 
position of Miliolites. 


It has already been recorded, that the miliolite deposits invariably 
differ in texture and the sizes and nature of their clastic units, both verti- 
cally and horizontally,’^ and it has been 
found that the vertical variations are 
always the most pronounced. Thus, in 
the large open quarries on the Adatiana Heights, the coarseh’ 
textured superficial bods pass insensibly downward to a more or less 
finely textured stone of the best grade ; and it is according to the 
thickness of these superior beds that the quarry site is esteemed by 
the quarry contractors. At an average depth of about 30 feet from 
the surface, the rock grows hard and increasingly gritty from the 
presence of particles of the mountain-massive (fclsites and grano- 
phyres), upon which the limestone was deposited. 

Evidences in the held go to show, that the sedimentation of the 
miliolites must have taken place during the Pleistocene Period long 

after the final strata of the Dwarka Group 
of beds had been formed, elevated and 
denuded ; and overwhelming proofs exist 
to point to the circumstance, that, previous to the general subsidence 
of the best part of the Province, atmospheric agencies had been active 
in the unequal wearing-down of the then existing rocks to expose a 
very varied surface, rri., bedded-lavas and dyke-rocks, laterites, felsites 
and granophyres, GAj conglomerates and limestones, and Dwarka lime- 
stones, conglomerates, and flagstones of consolidated shell-sand. 


Sedimentation of tbe Miliolites 
during the Pleistocene Period. 


Upon each and every one of these, the miliolite must have been 
impartially deposited, mainly as a littoral-marine, but also as a tolerably 

deep-sea accumulation. In the former 
Littoral as well as Deep-sea instance, coarse and fine conglomerates 
Origin of the Miliolites. constitute the basement beds of the miiio- 

lites, containing rounded and sometimes 
angular fragments of the underMng and subjacent rocks, and organic 


* Utisupra^ p, 18 . 



92 


Economic Geology of Porlaxdar State 


remains of littoral animals and plants, — Foraminifera, Bryozoa^ echi no- 
derm tests and spines, shells of molluscs, nullipores, etc. In the latter, 
there is little if any conglomerate of any kind in the lowermost beds of 
the miliolite, which rests directly upon the underlying rock, and is 
composed principally of finely comminuted shells of molluscs, angular 
specks of quartz and other minerals, and many tests of both pelagic and 
deep sea Fora^ninifera such as of the genera Glohif^erina, Textidaria, 
Pulviniiliyia, and, occasionally only, of Miliolina, while the nullipore, 
Lithothamnion and Bryozoa remains are rarely present. All of these, 
as usual, are bound firmly together by a fine mosaic of >ccondarv water- 
clear calcite. 

Miliolite basement -beds accordingly proclaim the kind of rockb upon 
which they were deposited as well as of rocks which happened to exist 

in the immediate neighbourhood ; and 
Miliolite Basement -beds. frequently gives birth to many varieties 

of the stone, which are prone to be puzzling 
unless examined in relation to their surroundings m the field or placed 
as thin sections under the microscope in the hboratory. Of such a 
nature is the miliolite of a deep, purple-red coluur, which, registered 
as No. 24S, was, with a coarse, shelly conglomerate,— No. 247,^found 
overlying a cap of laterite, 2 miles SSW. of Wadala. In these instances, 
both the conglomerate and miliolite have simply been heavily indued 
with ferric hydrate stain from the adjoining and subjacent laterite. 


Again, the basement -beds of miliolite, whether conglomeratic or 
not, frequently assume a concretionary character, due to the solution 

of its limy constituents by carbonated 
ConcreUonary Character of nieteonc u'aters, and the re-deposition 
Miiiioute Basement-beds, of the lime at lower level>. Frequently, 

the underlying beds, that aiv subjected 
to such infiltrations, consist of Dwarka Group foraminiferal limestones 
in which only vestiges of the organic units can be detected in a 
thoroughly recalcified condition embedded in a matrix of ultra- 
microscopic, particles of lime, usually stained with ferric hy^drate and 
also enclosing numerous angular grains of water-clear quartz. 

Good examples of rocks thus partially derived from overlying 
miliolites, by solution and re-deposition of amorphous lime, in concre- 
Eiampies of Concretionary tionary form are present at the surface 


Miliolite Basement-beds. 

by the side of the Railway 


in very many parts of the State, notably 
-cutting, about i mile ENE. of Ran^wao 



Plate XXXVI. 



Regd. No. 34.— Fig. 38.- Spherulitic Felsite. 

Alongside Railway ■^siding, near “Navri” Miliolite Quarry No, 62. 

Adatiana Heights, Barda Hills. 

Rcsolvt'd hy \V.\TsON & SONs' i ifuh Objcctivt\ 0*21 Xunio-ical Aperture. 

Amplified 30 Diameters. 

This piolure portrays a more advanced phase in the differentiation of felsites than 
either Fig;. 5, Plate or Fig-. 37, Plate XXXV. G. — Ground-mass ot 
cryptocrystalHne felsite. S. — Sub-idiomorphic section of twinned crystal 
of saniditje. S'. — Fragment of clear colourless sanidine. O. — Brown, 
(altered), orthoclase showing rectangular reticulations. R. — Radiating 
fibrils of spherulites ;-^orthoclase, quartz and pyroxene. A.— Klcngaled 
idiomorpfiic crystal of green augite, intergrown with laths of sanidine in 
ophitic fashion. A^ — Incipient spicular green augite. M. — Magnetite. 
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Station, and about -J- mile from the bridged Creek at Porbandar City on 
the highway to Ranaw.io, where, by reason of its hardness, toughness 
and compact texture, the material has been largely extracted for road- 
metal. The intimate structure of this stone, which is thus possessed 
of scientific interest, is well shown by the photomicrographic picture, 
Fig. 34. Plate XXXII. 


Regd. No. 415. — The small hillock called Chirora-ka-Tobra, which, 
during the monsoons, forms an islet rising to the height of 56 feet above 

the sea level, furnishes a much-decayed 
variety of limestone closely 
the miliolites. 


Peculiar Miiiolite ef Chirora-ka 
Tobra. 


resembling 


Under the microscope, the clastic units appear to be of tolerably 
uniform sizes, ranging from to ^^ch across. They comprise: — 

(i). — Numerous weU-rounded particles, heavily stained with yellowish- 
brown-red ferric hydrate, but so altered as to have lost all traces of 
organic or other structure. (II). — Recognisable tests of F oraminifera, 
chiefly rotaliform, and also belonging to the family Textularidce, 
(I II). —Slightly elongated chips of the shells of molluscs. (IV). — Bits 
of the calcified areolar tissues and spines of echinoids. (V). — Subordi- 
nate angular grains of colourless quartz of minute dimensions, — 
to inch across. The cementing matrix consists of an excessively 
fine mosaic of colourless calcite, the granules of which rarely exceed 
inch in diameter. 


PHYLUM B.— HYPABYSSAL ROCKS. 


N 


iXT IN COMMERCIAL iMPORTAXv'E to the miliolite-limestones of 
Porbandar State, come its hypab\ ssal rocks of probably Eocene 
Age, which have since been exposed by 
denudation to form the Barda Group of 
hills and its numerous spurs and outliers. 


Hypabyssal Rocks of Porbandar 
State. 


Up to the present time, no serious effort has been made to exploit 
or utilise the rich variety of these incomparably valuable building and 
ornamental stones, in spite of the fact that progressive engineers, archi- 
tects and builders and contractors throughout India, have, for many 
years, been clamouring in vain for high-grade road-metals, paving-setts 
curbs and copings, and building-blocks capable of resisting severe crush- 
ing force to meet the requirements of docks, harbours and embankments. 
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Felsites and Granophyres. 


Porbandar port is peculiarly well situated for supplying, at a inini- 
nium of cost, all the stone markets of India with just the materials wanted 

by reason of its proximity to numerous 
practically inexhaustible quarryable sites 
for felsites and grani^pliyre^ in almost every stage of development, and 
calculated to meet the mo>t exacting wants. The granophyres, as a 
rule, con^titute the bulk of the central portion of thc' mountain-massive ; 
while the felsites are UMuillv to be found forming its many spurs and 
outliers. 

Ample informat i(m iias already been recorded m tlie page^ of these 
reports concerning the mode of occurrence, general properties and uses 

of tlie^e Stoner', a\’erage samples of which 
ha\'e been cliemically analysed, specially 
ior this report, b\' INIr. R. K. J. IM’CrLLY 
of The Indian Cpdient Co., Limited, 
lollows : — 


Quantitative Chemical Analyses 
of the Hypabyssal Rocks of the 
Barda HiJJs. 


Analytical Table of Barda Hills Rocks. 


Rf 'iistf'R'd No 


i 

os. 

30. 

Moisturo 


Trace 

ML 

2.15 

CO, 


I . m 

.71 

5.54 

Si (), ... 


08.70 

70.50 

07.00 

Fe.Oj 


5 . 82 ' 

15. :u 

5.00 

Fl () 


i.io 1 

Trace. 

yii 

Al.O, 


14,08 ' 


13.72 

Ca O 


0,00 


1.04 

O 


1.42 

2.83 

2.S2 

Alkalirp . . 

1 

* ’! 

i .38 

.80 ' 

.33 



1 100.00 

i 

100.00 

100.00 

Speoitic (xravity . . 

2.587 

2 . 700 


This table of chemical 

analyses 

, is in strict 

accordance 

with the 


determination of the constituent minerals revealed by examination of 
thin sections under the microscope, with ordinary transmitted and 
polarised light ; so that the optical analyses of the samples, and their 
correct designations may now be recorded for the first time as 
hereunder : — 

Felsites and granophyres are the names which will here be emplo^'ed 



Plate XXXVII 



Regd. No. 34.— Fig. 39.— Spherulitic Felsite. 

Same site as that of Fig. 38. Adatiana Heights, Barda Hills. 

Kt'solved by Watson Sons’ \ inch Objective^ 0*34 Numerical Apotiire. 

Amplified SO Diameters. 

To display the intimate structure of the centre of a weil-developod spherulite. S.— 
Idiomorphic hexagonal section of a carlsbad twin of cc»V^ur]ess Stinidino, 
which ^'i\es straig’ht extinction, exhibits an upper zoned border, Z, ot 
secondary refnns<ent products, and traces ot multiple twinning belwci'n 
crossed nicols. This cryst. il forms the nucleus ot a spherulde. A' . 
Radiating" fibrils, here principally ot the nature ot indigo-coloured trichites 
of pyroxene mingled \\ ith fibrils of felspar and tjuartz to constitute tlie 
substance of liie spherulite. E. — iloney-yellow crystal of abnormal 
epidote after augite. 
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Optical Analyses of Felsites and 
Granophyres- 


to indicate the extremes of the type now under consideration. The 

former consist essentially of an obscure 
or cryptocrystalline intergrowth of 
felspar and quartz, and appear to be 
homogeneous throughout when viewed by natural transmitted light 
under the microscope ; but, when polaribed light is brought to bear 
upon the thin sections, the two minerals can be readily distinguished 
in foim of allotriomorphic, irregular, minute areas, separable by the 
blight differences exhibited b^’ their interference tints when the nicols 
are cn^jssed and the section rotated. 


Accessory mineralb such as incipient microscopic grains and laths 

of greenish pyroxene and itk'hv or Icss well developed microlites and 

crystals of magnetic iron -ore are usually' 

Colour of Hypaby&sai Rocks present, and serve to endow the stone, 
mainly due to their Accessory ■ . , . , . . . .p. 

Constituents. With its characteristic colour, inus. 

when the rock contains a superabundance 
of magnetite in :i pertectlx' fre-«h conditu-n, it assumes a dark, and some- 
times almost jet-black colour ; while the paucity of the iron-ore may 
gauged by its many shades, ranging from white to greys. Again, 
when the iron-ore and less frequently, the accessory pyroxene undergo 
alteration:^ by epigene reactions, such as oxidation and alternate sun- 
baking and monsoon conditions, the originally black, whitish or grey 
ieisite assumes various hues of x'ello wish-brown, brown, fawn, red and 
purple ; and, without deterioration in hardness and other physical pro- 
pertle^, the stone becomes distinctlv ornamental. 

Chemically, the felsites do not differ from the granophyres, but 
they are distinctly vitreous and sphnterv, breaking with a conchoidal 

fracture ; and although intensely hard. 
Economic Attributes of Felsites. cannot withstand severe crushing force, 

so that thev are not suitable for use as 
dock-1 )Uilding blocks or for road-metal. On the other hand, their supe- 
rior hardness, conjoined with a capacity for taking on a high_^polish 
and of withstanding attrition, renders them invaluable for tiles, floorings, 
steps and landings ; while some of them are differentiated into spheru- 
litic and porphyntic varieties, and especially when altered by sunbaking 
and monsoon conditions, acquire an ornamental character. 

Clood examples of ordinary felsites, exhibiting the structure of the 
ground ground-mass shown on Fig. 5 , Plate IV., are not of very frequent 
occurrence in the State of Porbandar, although they are largely 
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represented among t])e in’pabyssal rocks of the adjoining Alech Hills in 
Naviinagar State, and by sundry outlying eminences to the SW. of the 
Baroda (Trroup of Hills, such as at Dhebar Dhdr. 


The next phase in the development offehites, is typically exemplified 
bv a rock which forms the mile-long nether eminence called Bhatwdri 
Dhar, flanking the base of Bhatwari Dungar in the Barda Group of hills, 
and approximately running parallel with the Railway line eastward 
from R^niiwao Station. The rock i> intensely black when quite fresh 
and closely resembles a compact basalt or dolerite, for which it was 
excusably mistaken, especially as true basalt dolerite dykes of huge 
dimensions were found by the writer to occupy similar relative position? 
with reference to the mountain-massive, at Pachhtar and near Mokh^ina 
in Nav;inagar State.* 


Registered as No. 9S in the State Geological Collection, the Bhatwari 
Dhdr stone is, as already noted, intensely black when quite fresh, liuge 

boulders crowning the summit and covering 

The Bhatwari Ohar Stone ^11 c ^ a ^ ^ ^ 

tne slopes or the hill, although exposed to 
the vicissitudes of the weather for prtflonged periods, yet preserve their 
original freshness by the formation of a iM'ight brick-red heematitic 
pellicle. These boulders when broken by sledge-hammers, are prone 
to fracture rectangularly at unexpected places ; so that it is extremely 
difficult to trim building-blocks of any given dimensions. The stone, 
however, break- readily into an angular shingle ; and the fragments, 
which can the ^ be screened to secure uniformity in gauge, are so tough 
and strong and capable of withstanding such -evere attrition and crush- 
ing strain as to be much esteemed for a high-grade road-metal. It 
is now being tested by the Chief Engineer, Mr. Measham Lea, 
M. Inst. C.E., of Karachi Municipality. 

Chemically the Bhatwari Dhar stone approximates to the com- 
position of a typical granophyre, as shown by the analytical table given 

above, Its specific gravity is appre- 
Bhatwari Dhar stone. '-laWy higher than that of an average 

granophyre, while it contains less carbo- 
nate of lime, less alumina and ferrous oxide, more magnesia and potash, 
and a marked preponderance of ferric oxide and of silica. 


* ‘Economic GeoloiLq’ of Navt'majrar StaU 
lint, p. 46. 

t Quod vidCy p. 94, Rf'gUtercd 98. 


Fy E. Howard Adye, Bombay, 
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Regd. No. 34.— Fig. 40.— Spherulitic Felsite. 

Same site as that of Fig. 39. Adatiana Heights, Barda Hills. 

/xc^olvcil f)V \V \ I sov X: Sons’ i?ich Ohji’ctii'c, 0*17 X ufficriral Af-crturc, 

Amplified 15 Diameters. 

sliow the g'eneral structure ot a lari^e tleld-of-view, Sp .— Entire spherulites ^\ith 
tlieir nuclei of sanidine. S. — Twinned crystal of sanidhie, which is shown 
more highl\ magnified by Fig. 3Qt Plate XXX\TI. S . — I.ongitudinal 
soctitni of sanitline showing inclusions of the teJsitic ground mass. S . — 
Transverse and oblique sections of sanidine. G.— -Cr} plocr\ stailme or 
felsitic ground-mass, containing p\roxcne spicules and magnetite micro- 
lites too small to I^e distinctly sliown by tliis power. M.— Crystal of 
opaque black magnetite. Q.— Idiomorphic crystals of quartz. E.— Abnor- 
mal epidotised augite ot honey-yellow* colour. 
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Microscopical determinations enable one to give the stone its correct 
name as an ‘Incipient Spherulitic Felsite’. When thin sections are exa- 
mined under low powers (li inch and i 
Microscopic Determination of objectives), the cryptocrystalline 

‘Incipient Spherulitic Feisite.’ ground-mass of the sample may be seen 

to occup}' quite a subordinate space : 
while the closely crowded spheruiites, mostly formed around nuclei of 
colourless sanidine crystals constitute the bulk of the rock mass. Some 
of these sanidine crystals, when examined in polarised light show traces 
of multiple lamellation, which points to the probability of a variety 
created by internal intergrowths of monociinic and triciinic felspars. 
The elongated crystal S, Fig. 35, Plate XXXIII ,is of this character. 


It may be noted that the cryptocrystalline, felsitic ground-mass^ 
with its usual accessories of incipient crvbtals and microlites of magnetite 


Distinction between ‘ Felsitic’ 
and ‘ Granophyric’ structure- 


and greenish pyroxene, serves to draw a 
sharp lino of demarcation between tlie 
felsites and the granophyres ; for the 


ground-mass of the latter group is essentially micropegmatitic. or com- 


posed of a microscopic intergrowlh of felspar and quartz, knowm as 


the grmiophyric structure. 


Pyroxenic constituents in No. 98, are manifested morphologically 
in three distinct forms : — (a) — As radiating fibrils entering into the 

composition of the spherulitic structure 
surrounding nuclei of sanidine, the former 
of w'hich likewise include browmish radiat- 
ing fibrils of probably orthoclase felspar and of a little clear quartz. 
'Phe pyroxene fibrils under higher magnifying powers to inch objec- 
tives) can be resolved into indigo coloured moniliform structures re- 
sembling margarites, or ‘ embryonic crystals ' called crystallites, in the 
semblance of a string of pearls.* (-}) — As elongated, distinctly greenish, 
skeleton laths or spicules composed sometimes of several units conjoined 
and generally associated with probably separated crystals of black 
magnetic iron-ore. (7) — As tabular, often regular six-sided, idiomor- 
phic crystals of green augite, almost ahvays bearing endomorphs of 
magnetite. Magnetite moreo\'er in minute black and opaque octahedra, 
crystal aggregates and spicules, is indiscriminately distributed throughout 


* F. B UTLEY, ‘ Mineralogical Magazine', Vol IX, 1891, pp. 261-271. Cohen 

‘ Saiumlung von Mikrophotographien von Mineralien und Gcstcincn', 3, Stuttgart, 

1899, PL VI. 
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the field of view. Lastly there come, in some sections many tabular, 
frequently six-sided, very highly refractive, honey-yellow monoclinic 
crystals, of unascertained composition, which may possibly be abnormal 
forms of epiclote derived by metabumatism from augite. 

There are many instances where felsitic and granophyric dykes^ 

sometimes of considerable dimensions have been thrust thrtnigh fissures 

or lines of weakness in the previouslv 

Cleaved structure in Hypabyssai consolidated moiintam-massive ; and 
Rocks- ’ 

these, by reascju of the enormous lateral 
pressure brought to bear upon the moving moltiai magma, e\'entually 
solidify into more or less cleaved masses ; — the cleavager^ running at 
right angles to the direction of flow. Both feLites and granophyres 
exhibit cleaved structure in the Barda Group of hills, and it may be 
presumed, that being identical in chemical composition, these two 
varieties result, — the former, by rapid and the latter by more tardy 
congelation, whereby distinct crystallisation can be ^een to haw com- 
menced by intergrowth and other manifestations of the constituent 
mineral unit^. 

Typical of such rock'^, a remarkablv good example of a “ Cleaved 
Felsite”, registered as No. 548, in the State Geological Collecnon, was 

found expobed, and somewhat aiten d bv 
Exampiesof Cleaved Feisites meteoric agents, from an original gre\' to 

a rusty-brown colour, about 500 vards 
NNW., of Sajanawala Nes, near the eabtern limits of the Barda (}roup 
of hills. 

Examined under the microscope, tliin sectionr> of thib specimen 
'evealed an apparently homogeneous ground-mass of ultramicroscopic 
texture, flecked every here and there by patches of ^^'ater-clrar quartz, 
and curiously criss-crossed by numerous paralUd lines .>f incipient 
crystals of probably originally green pyroxene associated with diminu- 
tive separations of magnetite. When the two principal sets ut parallel 
lines intersect, as they occasionally do, they gi\'e an average angle of 
<S7°6b which corresponds exactly with the clea\Tige angles of augite. 
Between crossed nicols, the apparently homogeneoiib ground-mass is 
shown to be cryptocrystalline, and se\'eral faint outlines can be identified 
as those of elongated crystals of sanidine m an incipient condition : 
while the blebs of quartz are revealed m mc^baiCb of differentlv orientated, 
allotriomorphic units. Both pyr{)xene and magnetite have undergone 



Plate XXXIX. 



Regd. No. SS.— Fig. 41. Felsitic Granophyre. 

Outlying outcrop of Spur, 3 miles ENE. of Ranawao Station. 

A'l’so/ini hv WaisON & I inch Objcriivcy o* ii Xunicricui Apa tiin\ 

Amplified 30 Diameters. 

riie ground-UASs here shown to oon^ist almost entiroly of iniLTopegmatite, mp 
but there are a^o a tew small patches ot eryptoorystalline lelsile, F 
invaded by subradiatlttg indigo-coloured, moniliform rods and trichites. 
A tew idiomorphic crystals of clear saiudine obtain in other parts ot the 
preparation. C. - l>pherulite composed of centric system ot micro- 
pegmatitic radiating fibres. Q.—Ouartz in optical continuity with quartz 
ot uiicropcgmatite. Q , - Mosaics of interstitial quartz. A — [diomorphic 
green augite. A . — Spicular green augite. M —Magnetite. 
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alteration to a dark brown colour by oxidation ; but the entire mass 
remains very hard and compact on account of having been subjected 
to prolonged sun-baking. 

About 50 yards farther, or 550 yards NNW. of Sajanawdla Nes, 
a precisely similar rock, but only partially cleaved, forms a small outlying 
knoll which can be traced to a spur from the eminence called Randsdr 
Dhdr, near the State boundary. In this specimen the parallel, cris 3 > 
crossed lines of incipient crystals can be distinctly resolved, under 
powers of over 50 diameter^, into particles of green pyroxene and 
separations of black opaque magnetite. 

More highly differentiated come the varieties known as ‘ Spherulitic 
Felsites', which, especially when altered by alternate sun-baking and 

monsoon conditions, yield many very 
beautiful ornamental stones, capable of 
taking a brilliant polish ; and, being available in sound blocks of tolerably 
large sizes, can be turned to profitable account in many special arts and 
crafts. Such are the specimens, found exposed in almost unlimited 
development at Krishna Jhar, i mile NNE. of the summit of Babia 

Dungar in the Bardar Group of Hills, and 

Ornamental Spherulitic Felsites in form of a verv broad dvke which 

of Krishna Jhar, and Javantara » i x- 

Gara. nms from AaW. by \\ . to ESE. by E. 

at the base of Piara Dungar, called Javan- 
tara Gara, which is crossed by the Railway line. The Krishna Jhar 
rock IS at present inaccessible ; but the Javantara Bara site, where the 
stone has undergone slightly more alteration, lies by the roadside to 
Bordi, and can therefore be readily extracted and conveved to Por- 
bandar Docks, especially if a loading platform could be established at 
Bordi — as strongly recommended in the narrative portion of these 
reports.* 

Spherulitic Felsite from the Krishna Jhar site has here been chosen 
as typical of this variety, on account of its superior freshness. Its ground- 

mass ot felsite, is comparatively coarsely 

Microscopical Determination of textured at Some places, while at others 
the Spherulitic Felsite of Krishna ... 

jbar. d IS ultramicruscopical and only resolv- 

able as a cryptocrystalline structure, 
when viewed between crossed nicols. The held is studded with piieno- 
crysts of the clear and colourless variety of orthoclase felspar Iokwvii 
as sanidine, which serve as nuclei fur radiating fibrils of felspar and 
quartz, (the former predominating), to together constitute the closely 

* Quod cidf. clxxx 
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aggregated bodies, called sphcridites. Sometimes the otherwise clear 
sanidine crystals show mesh works in grey of the rectangular reticulations 
so characteristic of ordinary orthoclase felspar ; at other times the 
sanidine exhibits polysynthetic twinning, and thus points to an inter- 
growth with a triclinic felspar. A few decayed small crystals after 
magnetite may be detected, while the pyroxene is represented by oxi- 
dised spicules especially in the ultra-microscopic areas of the ground- 
mass.* 


Ornamental Spherulitic Felsites 
from the Adatiana Heights, 
Ranawao Railway-line and Ladha 
Dhar. 


Another noteworthy variety of Spherulitic Felsite, (registered as 
No. 34), which can scarcely fail to command a good demand so soon as 

it becomes known, occur^ exposed in 
abundance, alongside of the Railway- 
siding, and for fully fifty yards ENE. 
thereof, close by the ‘ Navri ' Miliolite- 
quarry. No. 62, on the Adatiana Heights 
near Rdndwdo Station. Other good sites for similar material have been 
registered respectively as No. qO, exposed by the Railway-cutting nearly 
i mile ENE. of Rdnawao Station, and No. 528, which extends from the 
Khambala roadside up to the summit of a hill called Ladha Dhar, 
which is situated approximately i-J miles SE. by ESE. of the hill-side 
village of Khdmbala. 

It will be sufficient in this place to take No. 34, as typical of this 
variety of felsite as follows : — 

Megascopically the rock exhibits a comparati\’ely light-grey ground - 
ma^s, closely studded with dark-grey sub-circular spots : so that when 

polished it presents a singularly pleasing 
ornamental appearance. The material is 
available in large spheroidal boulders ; 
and huge blocks could doubtle-s be ob- 
tained by blasting ; whilv the facilities for conveyance to Porbandar 
City i;5 the principal centre of distribution are close at hand, in the 
Railway-siding to the extensive miliolite quarries adjoining. 

Under the microscope, thin sections present the appearances shown 
by the photomicrograph, Fig. 3S, Plate XXXVL From this it will be 
Microscopical Determinations of seen that the ground -mass is composed 
imc^Feilfu'from^^^^ c>f a cryptocrystalline matrix of true 

®®^^****' feUite, an intimate blending of felspar 

and quartz, the mineral units of which 

* See Fig. ? ri , 


Megascopic Charactersi of ithe 
Spherulitic Felsite from • the 
Adatiana Heights. 


cannot be distinguished 


I'late XXX\'. 



Plate XL. 



Regd. No. 524. Fig. 42.— Cleaved Granophyre. 

Summit of Dhori Dhar, Foundations of State Bungalow, 
Khambala Talav, Barda Hills. 

Ncsifh'i'd bv \V \TsON & Sons’ i inch Ohjcd ivc, o' ii Xinncriral Aperture. 

Amplified 30 Diameters. 

Almost iheerUiro field of \ie\v is occupied by comparatively coarse mlcropeg-mattte 
mp, and patches of nearly ultrama'roscopic niicropet>'matite, mp'. The 
cloudy i<rey-bro\vn material, O, adjoin, ng', is probably altered orthocla^-e 
and frequently sho^^s rectangular reticulations. A. A. — An elotigated 
porphyritic crystal of green augtte, intergrown with colourless laths ot 
sanidine, S, in opiiitic fashion, ard associated with crystals of opaque 
black magnetite. Magnetite, M, also occurs in form of minute octahedra, 
irregular grains and aggregates, M\ and linear or skeleton microhtes 
S.__Small colourless laths of satudine. Q. — Mosaics of water clear quartz. 



Spherulitic Felsites 


lOI 


when ^viewed by ordinary transmitted light, but which become apparent 
when the section is rotated between crossed nicols. 

It is mainly the ground-mass which serves to draw a sharp Hne of 
demarcation between the felsites and the group of granophyres ; for the 

ground-mass of the latter consists of a 
Nature of the Ground-mass in micropegmatitic intergrowth of felspar 
Adatiana Heights. 2 md quartz, readily discernible with 

ordinary light ; while polarised light serves 
to map but each separate unit by the simultaneous illumination or 
extinction of its component intergrown particles. 


The ground-mass is stiU further diversified by the presence of nu- 
merous diminutive octahedra, irregular grains and spicular microlites 
of opaque black magnetite ; while small crystals and incipient rods 
of a green pyroxene are less frequently met with. 


Closely crowded in the ground-mass, are the spherulites, which 
endow the stone with its dark-spotted ornamental character. These 

spheruhtes exhibit an advance on the 
Intimate structure of the Sphe- stage of development depicted by the 

from the Adatiana Heights. spherulites of Fig. 5, Plate IV, inasmuch 

as they are generally formed around 
nuclei of phenocrysts of colourless sanidine, many of which are charac- 
teristically twinned. Under powers of about 50 diameters or more, 
the substance of the spherulites proper can be resolved to show that they 
are constituted by : — (t ). — Radiating fibrils of brownish orthoclase felspar 
of the nature of that entering into the composition of the ground-mass 
and occasionally present as rectangularly reticulated interstitial patches, 
sometimes shown in optical continuity with the corresponding spherulite 
fibrils or incipient crystals, (u). — Interlaced or parallel alternating fibrils 
of clear, colourless quartz, also sometimes shown in optical continuity 
with the quartz of the matrix or ground-mass, especially when the latter 
is present in interstitial situations, {iit). — Fibrous, radiating, indigo- 
coloured moniliform microlites or trichites of pyroxene, sometimes 
abundant and at others absent, {iv ). — Small incipient laths or spicules 
of greenish pyroxene, like those observable in the ground-mass. (t;). — 
Skeleton microlites in parallel and rectangular grouping, of grains or 
minute octahedra and rods of opaque black magnetite. 

Colourless, but almost always containing inclusions of the ground 
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mass, the comparatively large, idiomorphic crystals of sanidine, which 

are frequently twinned, — as well shown 

Sanidine Crystals in the bv Fig. 37, Plate XXXV —invariably 
SpberuUtic Felsite from the - . 1 . , , . , i 1 1 1 

Adatiana Heights fumish the nuclei arOund which the 

spherulites segregate. They are, in effect, 
phenocrysts that have taken definite crystalline form prior to the con- 
solidation of the substance of the spherulitic bodies and the ground" 
mass. Between crossed nicols they exhibit more or less clearly the 
polys3mthetic twinning distinctive of tri clinic felspars, and may there- 
fore be regarded as intergrowths of principally orthoclase and a little 
plagioclase. 

Other phenocr^^sts of a green colour, giving the cleavage angles 
of augite, are less frequently present in the form of elongated but some- 
times tabular, hexagonal crystals, which 
Pyroxenes in the SpheruUtic occasionally exhibit ophitic structure as 
Felsite from the Adatiana Heights, ^t A, Plate XXXIV; the endomorphs 

being of the nature of small colourless 
laths of sanidine, and associated separations of opaque black magnetite. 

Allusion has already been made to the presence of two other subse- 
quent generations of p^TOxene, found forming incipient spicular greenish 

cr^^stals in the felsitic ground-mass and 

Anomalous Epidote in the Sphe- bodies of the spherulites, and of the indigo- 
rulitic Felsite from the Adatiana , . „ ^ 

Heights. coloured, sometimes moniliform, hair-like 

rods or trichit es which contribute largely 
to form the substance of the spherulites. Very rarely, — as at E, Fig. 37, 
Plate XXXV, — partial separations of a negative and highly refractive, 
hone^^-yellow mineral obtain, which are probably of the nature of epido- 
tised augite. 

In addition to the relative positions and forms already noted, the 
opaque black magnetite occurs disseminated throughout the field of 

view in isolated, but more frequentl3\ 

Magnetite in the Spherulitic aggregated w'ell defined Crystals. Even 
elsite from the Adatiana Heights. . 11 

in the very thinnest possible sections. 

magnetite always remains opaque under 
transmitted light and of a slightly bluish-black colour when examined 
by reflected light ; but Sir Henry A. Miers* records the fact that. 
Magnetite and hiematite both occur as excessively thin dendritic deposits 


♦ ‘Muieralotiy *, London, 1902, p. 384-. 



Plate XLl, 



Regd. No. 536. -Fig. 43.— Altered Coarse Granophyre. 

Base of £, Slope of Babia Dungar, BarOa Hills. 

A'i'soh'i'ii ■’]' W' \ I (S. Sons' \\ mrA o’ ["j Xitnu'ncal riafc. 

Amplified 15 Diameters. 

The initial power caleulatetl tor an iniag*e distance of lo inches for this objective is 
only 8 tliaineters, but tl:e iniai^e bus then been amplified to the dimensions 
depicted abo\e where the micropegmatite, Hip, ot the centric systems is 
very clearly defined. The felspar lias been altered to a LJoud\ broA\n 
colour, and appears lo he mainly ortlaudase, \\itJi centric nuclei of 
sanidme, S. Interstitial quartz, Q, and felspars are also in evidence, and 
there are many very large aggregated, as well small isolated crystals, 
M, of magnetite. TIiep\roxene iias vanished, leaving onl} traces of its 
former presence in a few rusty coloured patches and elong,itei.l forms. 
E. —Empty spaces. 



Microcrystalline Felsite 


loj 

in the cleavage laminae of mica, where they may be sufficiently thin 

to be translucent while, ‘ In whatever form the mineral occurs, 

it may always be identified by its magnetism ; the only other mineral 
which possesses the property in the same degree is ferriferous platinum/ 

Regd. No. 91. — The provisional name given to this specimen, 
as a basalt is incorrect*; for, by determinations in the laboratory, it has 

been found to be of pronounced liypabys- 
FeSo^/ohanak sal origin, although to the naked eye 

the blue-black to pale-grey stone closely 
resembles a compact basalt. Thin sections under the microscope reveal 
a microcrystalline ground-mass, sparingly studded with groups or some- 
times single phenocrysts of : — {i ). — Carlsbad twins of grey orthoclase 
felspar often partially interpenetrating, and occasionally displaying 
well-marked rectangular reticulations. These frequently measure 
by inch in superficial dimensions, (u). — Tabular and elongated 
crystals of green augite, ^ by ,, inch ; frequently inclosed and also 
intergrowm with the felspar phenocrysts. (Hi ), — Opaque black magnetite, 
^ inch across, partially inclosed by both augite and felspar, 
and also sparingly studding t]ie ground-mass at irregular intervals. 
The rock may, therefore, be correctly called a ' Porphyritic microcrystal- 
line Felsite.’ 

The ground-mass is constituted by a microcrystalline structure 
of minute irregularly shaped crystals, of quartz to ^ inch, inter- 
grown with equally small patches and ill-defined laths of greyish ortho- 
clase, occasionally showing a tendency to micropegmatitic structure ; 
while a second generation of diminutive angular grains of green augite, 
^ to --77 inch, and of mere specks and granules of magnetite arc 
plentifully scattered throughout the field-of-view. 

Transitional phases of structure, showing a ground-mass composed 
almost entirely of micropegmatite, ar., intimate crystalline intergrowths 

of felspar and quartz, but also exhibitin'-: 

Felsitic Granophyre. 

a lew cryptocrystallme areas of true 
felsite, are well represented by the rock registered as No. 55, of which the 
photomicrograph of a typical thin section is given as Fig. 41 on Plato 
XXXIX. This rock has therefore been called a ‘ Felsitic Granophyre.’ 

By reason of the predominating presence of well-developed micro- 
pegmatite. this valuable stone, of a pleasing pale blue-grey colour, 


Cf ut <iipra, ‘Narrative Report/ pp. x.w. xxvi ; aLsO p. 13. 
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with patches of pink and hght-red wherever it has been sunbaked for 
prolonged periods, ought to furnish invaluable building-blocks for dock 
and harbour construction ; while the wastage could be profitably utilised 
for high-grade road-metal. 

It occurs as an outlier-spur from the mountain-massive, adjoining 
the Rail way -line, about 3 miles ENE. of Ranawao Station, and extends 
along the plain in the form of a small range of hillocks nearly -right up 
to the roadway leading from Rdnawdo town to the Naliadhar Jungle - 
reserve ; so that there is ample material available for an almost in- 
exhaustible supply of stone ; wliile the range of hillocks offer an excep- 
tionally favourable series of sites for quarrying operations on a large 
scale. This stone is being tested for heavy- traffic highways, as road- 
metal, by Karachi Municipality. 

Under the microscope, the ground-mass is shown to consist, as 
already noted, almost entirely of well -formed micropegmatite with a feu' 

subordinate patches of cryptocrystalline 

Microscopical Determinations of f elsite every here and there ; — these bein" 
the Mineral Constituents in the , , , 

Feisitic Granophyre. traversed by monihform rods and tnchites 

of indigo-coloured pyroxene, and bearing 

a burden of spicular incipient crystals of green augite with separations 

of opaque-black magnetite and minute octahedra and skeleton microlites 

of the last-named mineral. 

Incipient ^crystallisation is manifested by the presence of spherulites 
differentiated into centric systems of micropegmatite, — in place of the 
radiating fibrils distinctive of spherulitic felsites* — with nuclei of ortho- 
dase felspar or its variety, — sanidine. A few idiomorphic colourless 
Mystals of sanidine frequently occur, sometimes twinned on the Carlsbad 
^w, and exhibiting simultaneous straight extinction ; and these occa- 
sionally, show traces of intergrowth with a triclinic felspar by their 
•Multiple lamellation when examined between crossed nicols. 

Mosaics of interstitial quartz are plentifully present and point to 
secondary changes ; while the pyroxene, — in addition to the indigo- 
coloured moniliform microlites noted above, — is manifested by sub- 
idiomorphic tabular plates of green augite sometimes with ophitic endo- 
morphs of colourless laths of sanidine and separations or associations 
of magnetite crystals of irregular shapes. Magnetite is also disseminated 
throughout the field-of-view in the form of minute, opaque-black octa- 

♦ C/, Plateb IV, XXXV, XXXVI and XXXVIII. 




Regd. No. 536.— Fig. 44.— Altered Coarse Granophyre. 

Base of E. Slope of Babia Dungar, Barda Hills 

h'rsoivt'il hy Wai^ON iN. SONs i i nrh 0/)jccfiTH\ 0.2 1 ■^Ipt'rfuyc. 

Amplified 30 Diameters. 

O. — Sub-idiotnorphic, altered, cloud}, brownish-grey crystals of ortlioclase occupy- 
ing intermediate or interstitial positions with reference to the centric 
systems and showing rectangular reticulations with great clearness. 
Q. — Allotriomorphic quartz. Both the large felspars and quartz are 
shown in optical continuity with tlieir counterparts constituting, mp, the 
coarse micropegmatite of the sparingly developed gr:>und mass. M. — 

Isolated grains and irregular crystals of opaque, black magnetite. 
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hedra, irregular grains, skeleton microlites and aggregates of larger 
crystals. 

Granophyres without any trace of a cr\^ptocrystalline or felsitic 
matrix or ground-mass, and in which spherulitic structures have been 
developed into nucleated centric systems, each foreshadowing the forma- 
tion of a complete crystal, are well represented by several noteworthy 
examples from the south-eastern quarter of the Barda Group of hills. 

One of the most typical of this variety, has been registered as No 
522, and forms the bulk of a large conical, partially isolated hillock 

called Gadhia Dhdr, rising from the NE 

Typical Granophyre of Gadhia borders of the Khdmbala Talav or resei- 

Dhar. 

voir at its dammed-up extremitv, about 
1,000 yards or so NNW. of the Khambala State-Bungalow. 

The stone is compact and closely textured ; of an originally fresh 
grey colour, but superficially sunbaked, — without loss of anv of its 
physical properties, — to a purplish hue. The rock is exceedingly diffi- 
cult to break with sledge-hammers, and proportionately difficult to tool ; 
but with modem appliances, ought to yield an abundance of ideally 
tough and strong, weather-resisting building-blocks, at reasonable cost 
capable of withstanding enormous crushing strain as well as severe 
attrition, and therefore adapted to the requirements of dock and harbour 
construction, road-making and wherever resistance to impacts and wear 
and tear is an indispensable condition. 

Although by no means of plutonic or abyssal origin, the Gadhia 
Dhar granophyre approaches very nearly to those rocks, by the absence 

of any ground-mass or matrix of itself, 
Nucleated ‘ Centric systems’ of provided that the nucleated centric svs- 
the Gadhia Dhar Granophyre. tems of micropegmatite, or intergrowu 

felspar and quartz, are each regarded as 
separate crystal units. Binding these centric systems closely together 
there is a large proportion of coarser micropegmatite, composed of water - 
clear quartz, often segregated in patches of numerous allotriomorphic, 
differently orientated units, which interlock with similar patches of 
cloudy-brown orthoclase ; and this interstitial coarsely constituted 
micropegmatic, between coarsed nicols, may be seen to be in optical 
continuity with the micropegmatitic constituents of adjacent centric 
systems. 
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Curiously enough, the nuclei of the centric systems are mostly of 
the nature of independent idiomorphic crystals of clear sanidine, occasion- 
ally twinned on the Carlsbad law, and giving simultaneous straight 
extinctions when rotated between crossed nicols. Some of the nuclei, 
however, display an almost uitramicroscopic granophyric structure ; the 
■>rownish felspar, — orthoclase, — and water-clear quartz being optically 
continuous with their counterparts surrounding the centric systems, 
idle cloudy, brown, interstitial orthoclase, moreover, when sufficiently 
(levdoped exhibits well-marked rectangular reticulations. 


Accessory Constituents of the 
adhia Dhar Granophyre* 


Pyroxene is but sparingly present in this rock, being sporadically 
distributed in all parts of the held-of-view in two forms, probably re- 
presenting distinct generations : — (i) — As 
bright green sub-idiomorphic sections, some 
of which show cleavage angles of 
arallel to the prism, and are usually associated with irregular aggregated 
opaque y.ack crystals of magnetic iron-ore. (h). — I n the form of dusky 
^reen much elongated skeleton-laths or spicules frequently intergrown 
with minute grains of inagneiite. 


Magnetite, black, opaque and but seldom altered at its edges in 
weathered specimens also occupies a subordinate place, indiscriminately 
throughout the rock texture, in the form of minute octahedra, irregular 
grains often collected into comparatively large patches, and larger idio- 
morphic single or aggregated crystals. Although but an accessory, 
much of the magnetite is probably original ; but a goodly proportion 
doubtless arises through secondary separations from the pyroxenes. 

About 1,000 yards SSE. of Gadhia Dhar, and affording a magnificent 
view of the Khnmbala Talav ensconsed by its amphitheatre of hills, 

there rises the summit of Dhori Dhar, on 
The Dhori Dhar Granopbyre. the platform of which the Khdmbala State- 

Bungalow is perched. The rock forming 
this eminence consists of a pale bluish-grey granopbyre of essentially 
similar structure to that of Gadhia Dhdr, but it is diversified, especially 
at the summit, immediately beneath the bungalow, by much cleaved 
intrusions,— evidently, subsequent eruptions from the same molten 
ass of materiak 


These intrusions vary but slightly from the older dyke-rock* through 
* Cf postea, p. 107 . 
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Begd. No. 160.— Fig. 45.— Orbicular Granophyre. 

Crown of Cured Dhar» a Spur from Dhorio Dhubho, Barda Hills. 

1^ Miles ESE. by S£. from Godhana. 

bv Wat.^ON Sons’ i ifick Ob/Wlivc^ o'2i inncf'iail /i/n\ 

Amplified 30 Diameters. 

Portion of an orbicular unit, showinj^ nucleus, mp, of micropeg-matile in intergrowth^, 
each about incli across. Z,— Zone of almost ultra microscopic micro- 
pegmatite. C. — Celephitic selvage. 1. — Interstitial area. S. — Small 

laths of sanidine. M. Placed below octahedron of magnetiti*. The 
micropogmatite of the nuclei is frequently of the nature tT twin or eKe ot 
an aggregate of units, as shown by the varied orientation of different 
parts between crossed nicols. Q.— Empty space. 
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which they were manifestly forced under conditions of great lateral 

pressure, and are typically represented 

Cleaved Porphyritic Granophyre structural details by the' sample rei'is- 
from the Summit of Dhon Dhar. r ?? 

tered as No. 524, under the corrected 
name of ‘ Cleaved Porphyritic Granophyre/ — Fig. 42, Plate XL. 


Essentially built up of commingled areas of comparatively coarse 
and almost ultramicroscopic micropegmatite, there are many patches 
where the colourless quartz and cloudy brown orthocla-^e collect together 
in allot riomorphic forms, which, however appear in optical continuity 
with their counterparts in the micropegmatitic areas. Interspersed 
sporadically there are many small laths of colourless sanidine, most of 
which are simplv twinned ; and these also, together with crystals and 
grains of opaque black magnetite are frequently intergrown, in ophitic 
fashion with large elongated, practically porphyritic crystals of green 
augite. Augite also occurs in tabular idiomorplnc and irn*guiar st ctions 
of crystals, usually with inclosures of magnetite, while it sometime-' 
forms elongated dusky -green incipient rods charged with numerous 
grams of magnetite. The latter moreover presents, in addition to crystal 
forms, sundry granular aggregates, and skeleton microlites, some oi 
which are constituted bv linear successi(jns of diminutive octahedra. 
The orthoclase when well-developed shows rectangular reticulations. 


Yet another advance in th(‘ development of the rich range of grano- 
phyric rocks of Por bandar State, is afforded by the prodigiously tough 

and strong stone found forming the bed and 

Sub-holocrystalline Granophyre i i r i i r 

of vijfana Jhar banks ot the deep gorge of a mountain 

stream called \h]faria Jhar , —an affluent 

to the groat Klnimbala Talav in tlu' Barda Group of hills. 

The sample under consideration was taken from the bed of the 
Jhar, some 600 yards or so XNW. of the picturesque shepherds' retreat 
called Khara Vira Ne^, and registered as No. 516, in the State Geological 
Collection. 


Wlien prepared as a thin section and t'xamined in the laboratory, 

the discovery was made that the rock owes its extraordinary toughness 

to its peculiar intimate structure ; being 

Microscopical Determinations of practically Composed Of units of well 
the Mineral Constituents of the , ' . 

vijfaria Jhar Granophyre developed micropegmatite as the dominant 

constituent, (z).— These units, take the 
form of sub-idiomorphic crystals, after orthoclase, and consist of inter 
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growths of greyish felspar and water-clear quartz, {ii ). — Next in abund- 
ance come several well-formed colourless elongated laths and Carlsbad 
twins of sanidine, some of which show multiple twinning and are there- 
fore evidently intergrown with a triclinic felspar. A few clear crystals 
of elongated habit, are so stcongly twinned, with albite lamellation, as 
to prove the presence of an excess of plagioclase felspar in the obscure 
intergrowth, (in ). — There are several large patches and small spaces 
completely filled with differently orientated mosaics of water-clear 
quartz, and others with cloudy grey felspar, both of which are in optical 
continuity with their corresponding minerals which form the compound 
crystals of micropegmatite. Accessory constituents include : — (iv ). — 
Dusky green pyroxene of elongated habit almost always laden with 
microlites and grains of opaque black magnetite. There are also crystals 
of probably a previous generation of tabular, brighter green augite. 
(v). — Minute octahedra, irregular grains, microlites and tolerably large 
aggregated crystals of magnetite disseminated throughout the substance 
of the structure, (vi ). — Occasional irregular grains and sub-idiomorphic 
honey-yellow, highly refringent, monocUnic crystals of probably an 
abnormal variety of epidote. Under high powers the quartz patches 
may be seen to exhibit negative crystals, and strings of diminutive 
cavities and adventitious particles. Upon these data the rock has been 
named, by the writer, a ‘ Sub-holocrystalline Granophyre.’ 


Curiously enough this sub-holocrystalline granophyre only undergoes 
alterations, due to alternate sunbaking and monsoon conditions, spora- 
dically ; but the external appearance of 
Cariouslsr Altered Granophyre of , , ^ \ ^ i . 

vUf aria Jhar. these restncted areas, is simply starthng; 

for the mass, originally of a dark brownish - 
grey colour, changes to a rosy hue, mottled with white patches. If 
anything, the altered is only slightly less hard than the fresh rock. 


When viewed under the microscope, thin sections of this specimen, 
registered as No. 517, may be seen to preserve the sub-holocrystalline 
. , ^ . character of its micropegmatitic idimor- 

the Mineral Constituents in the phlC crystal-units ; but, while the fels- 


^ered Granophyre of Vijfaria pathic elements of both micropegmatite 

and well-formed crystals of sanidine are 
more or less deeply indued with red iron-oxide, — probably of the nature 
of ferric hydrate, — the micropegmatitic quartz and interstitial mosaics 
of the same mineral remain intact. Most of the magnetite, moreover, 
with the exception of a few of its larger units, and aU traces of the 



Plate XLIV 



Regd. No. 223. Fig. 46. -Hypocrystalline Olivine-Basalt. 

Hilly>mound, 2: miles NE. of Morwara. 

hy W.v rsox Sons' inch i)'ncctivi\o' Xii})icnc<\l Al^criurc. 

Amplified 15 Diameters. 

F.- Pliono».'r\ Sts tif plag’ioL-laso felspar, — medium to basic labradorite. 

F . — C Vrouiid-mass laths ot plag-ioclase felspar, — medium to acid labradorite. 

A. — Irrci-tular grains and small lalnilar crystals of greenish purple-brown atygUe. 

O. — Phenocryst of olivine, rich in iron, with red-brown borders and cracks. 

O — Second g'eneration ot oli\ine, deeply margined and Indued with red iron-oxide. 

M. — Small grains of opaque black magnetite and larger aggregates of, probably 
titanomagnetite. 

Xo int».'rstilia] resulue ot isotr<>pic i^lass is here shown, luit small patclu's of colour 
less \o faint brown unindi\ iduallsod glass occui', oflcm m inlerserl.ii po^i 
lions in other parts of the same preparation. 
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pyroxene appear to have vanished. The rock has accordingly been 
named an ‘ Altered Sub-holocrystalline Granophyre.' 

The ‘ heart of the hills/ constituted by the sub-mountainous sum- 
mits and slopes of Bdbia Dungar, Kaladongar and stretching away 
Coarsely-textured Character of westward vid Sathvirda Nes to the lofty 
the Rocks forming the* Heart of heights of Mdlak Dungar, etc., is mainly 

’ K u ^ i ^ 

built up of enormous masses of somewhat 

coarsely-textured granophyres, liberally intersected by cleaved dykes. 

The surface of the stone is everywhere so deeply weathered, that fresh 

samples can only be secured by blasting ; but it was with the utmost 

difficulty that specimens of tolerably sound and only partially altered 

rocks were gathered, from which to arrive at a correct conception of 

their true nature. 

Typical of these samples, is the one, called an ‘ Altered Coarse 

Granophyre,' which, in its perfectly fresh condition, is of a grey colour ; 

but , by a process akin to laterisation. 
Altered Coarse Granophyre of .u i.- r i j j. 

Babia Dungar. or the reactions of prolonged alternate 

sunbaking and monsoon conditions, be- 
comes converted into an opaque milk-white rock, full of miarolitic 
spaces, and conspicuous large segregations of opaque black iron-ore. 

Even in its altered condition the rock is very tough and hard ; but 
when quite fresh, is, perhaps, one of the strongest of natural products 
in existence. It is therefore unfortunate, that where such an abundance 
of valuable building-material occurs, — -favourably situated for quarrying 
operations on a large scale, — the sites should at present be inaccessible. 

Only a few typical samples were taken, to show the character of 
the practically sound rock, registered as a medium-textured grey grano- 

The Fresh-grey Granophyre of from a prominent ledge, 

Sathvirda Nes. 5^0 yards ENE. of Sathvirda Nes ; and 

the altered specimen of coarse granoph^nre, 
already noted, taken from the base of the eastern slope of Babia Dungar ; — 
of which Fig, 43. Plate XLI, is the photomicrograph of a thin section. 

From the picture, it will be observed, that the mass consists essentially 
of large nucleated centric systems of coarse micropegmatite, the inter- 

Microscopical Determinations of felspar and quartz components of 

the Mineral Constitoents of the each of which, extinguish simultaneously, 
^abia Dur^r*^* Granophyre of average measurement of about 

inch. The nuclei of these arrested 
crystal-forms is generally of the nature of sanidine ; while the felspar ' 
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components of the micropegmatite, which are shown in Fig. 44, Plate 
XLII, from another part of the same preparation, are seen to be in optical 
continuity with the felspar forming large allot riomorphic interstitial 
crystals, and probably of the nature of ordinary orthoclaso, exiiibiting 
rectangular reticulations u'ith great clearness. 


All of the felspars happen in this instance to have undergone 
profound changes into a semi-opaque milk-white substance which 

in very thin sections under the microscope 
Kaolin and Kaoiinite. exhibit a hrowiiibh-grev cloudy appearance, 

and doubtless li era Ids tlie breaking down 
of the mass into katdin ; — usually formed by the re -crystallisation of tht^ 
decomposed alkaline felspar unit-, into microscopic colourless scales, 
hexagonal tablets and monoclinic crystals of kaolinite. 


The water-clear quartz, both of the micropegmatitic and coarser 
interstitial areas, is invariably crowded with air-cavities, irregulai- and 
linear strings of inclu'-ions (jf the original molten magma and clear 
rod-like crystallites of undeterminable composition. It remains in a 
perfectly fresh and unaltered condition, and the interstitial -ub-idiomor- 
phic ervstais mav be clearly seen to be in optical continuity with tlic 
quartz of the micropegmatite, and that of the fine lines which serve to 
indicate twinning planes in the altered sanidine (S. at centre of Fig. 43), 
and the rectangular reticulations of the interstitial orthociase. 


In the unaltered specimens the magnetic iron-ore is disseminated 
throughout the mass in forms of minute octahedra, irregular grams. 

^ ^ ... skeleton microlites and isolated or agert- 

Altered Granophyre of Babia gated opaque black crystals of tolerably 

large sizes ; but, in the altered rock from 
Bdbia Dungar, only a few isolated crystals can be detected in their 
normal relative positions, the bulk of the mineral having -egregated to 
produce large well-formed patches of iron-ore, so compactly and closelv 
developed, that it might be profitable to crush the stone for iron-smelting 
and utilise the residue for the fashioning of pottery. 


Similar -tone, altered to a milk-white colour and hardened by 
sun-baking, but without the separation of iron-ore, occurs in super- 
abundance at the easily accessible sites. 

Altered Granophyres of Kari as K^iri Dhar on the S. side ot 

Dhar and Jaderra Dhar t-i ^ r 1 

Khambala village, and along the plain 
leading to and including a couple of outlying hills called Jaderra Dhar, 
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Regd. No. 542. ^Fig. 47.— Altered Amygdaloidal Basalt. 

10 feet below surface of Well shaft, 1^ miles 
NE. by NN£. of Asiapat, Barda Hills. 

hv Waison & Soxs’ ific/i o '/ 7 .AVwrr/Vv?/ . 1 /><'>'/// n' . 

Amplified 15 Diameters. 

(^'oinpoutiil AiiumAl.iK' tornu'd by the ». oalos(>*etic».' i>f l\so \esuU‘s, and fil!oc( wiih a 

\arii‘t\ of alioralion products, pr(>l>ably due to l))orii)al Dictamorplilsn), 
— Faint indications of ai^'^regates ot tcNpar piieiax 1 \ st s. G.— Andcsi- 
loid ground-mass. 
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which are situated but 2 miles NNW. of the village of Bordi, where it is 
again recommended that a Railway Station or at least a loading platform 
ought to be erected, if it is desired to utilise the rich range of economic 
stones of the south-eastern slopes, spurs and outliers of the Barda Group 
of hills. 


These altered alkaline-felspar rocks, which appear, under the 
microscope to have undergone the hrst stages of kaolin isation, it is 

here suggested, might by artificial processes 
be made to profitably yield unlimited 
supplies of the so-called China-clay/’ for 
the manufacture ol porcelain. 


Kaolmisatiou and the Produc 
tion of ‘ China'Clay.’ 


Lastly, to return to the examination of the Babia Dungar Altered 
Granopliyre By diligent searching, a few small fragments of green 
pyroxene and honey-yellow abnormal epidote may be detected ; but 
the dusky-green laths and elongated rods of pyroxene, so freely found 
in kindred specimens, are here only evidenced by rusty-coloured traces 
of their former existence in the unaltered rock-ma>s. 


Orbicular Grauophyre of Cured 
Dhar near Godhana. 


Unique among tlic granopliyres of Porbandar State, and probably 
the only hitherto discovered example of its kind extant, is the rock 

registered as No. 160, under the style 
of an ‘ Orbicular Granophyre / which 
occurs as a secondary spur, called Gured 
Dhar, emanating from the spur known as Dliorio Dhubho, at the extreme 
western flanks of the Barda Group of hills approximately i \ miles 
ESE. by SE. from the village of Godhana. 

The rock is intensely tough and being deeply weathered at the 
surface, perfectly fresh material can only be secured by blasting. 

Hand-specimens, highly polishable, present 

Napoleottite, Corsite or Ball- j 7-7 

diorite of Corsica, and Orbicular ^ raiC appearance known as O/blciilur 

Granites of Sweden, Ireland and stniciurc, which was originally discovered 
America. iiapolconite, corsite or ball-diorite 

of Corsica, and subsequently in some of the granites of Sweden and Ire- 
land* but no instance, up to the present, has been recorded of its occur- 
rence in hypabyssal rocks. 


* \V. r. Broouer and H. Backstrom, Gfol. Stuckholw, 1887, ix, p. 307 : 

F.H. Hatch, Q- O. S ,1888, xliv, p. 548 ; A. Harker and J. E. Marr, Q J. 0\ S , 
1891, xlvii, p. 280 ; H. Backstrom, Gfol. Forcti, iStockholm, 1894, xvi, p. 107 ; B Fros- 
TERUS, Bull Com. G^oh Finland^ 1890, No 4 ; F. D. Adams, Bull Gtol ‘ 80 c. Anurica. 
1898, ix, p. 103. 
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In this instance the orbicular is manifestly an advanced develop- 
ment of the spherulitic structure already illustrated by the varieties 

^ of spherulitic felsites and granophyres 

Orbicular Regarded as an ^ i 

Advanced Development o/ Spiieru' in the foregoing pages, ihe compounci 

iitic structure. units in this case attain to comparatively 

large dimensions, averaging about ^ inch in diameter. 

Each unit is in reality a somewhat complicated structure, as will 

presently be prov^ed in the sequel. It exhibits to the naked-eye a white 

core of sub-circular, sub-ov^oid or polygonal 

*»,***^**i^ Character of outlines, surrounded by a dark, almost 

the Orbicular Granophj'rc^ , i j i i i i. i -ru 

black, and tolerably wide border. These 

indiiiduals are very closely crowded together, so as to leave but small 

interspaces, which are filled with a whitish-grey material ; so that when 

cut and polished in any direction, a uniform and highly ornamental 

annulated surface can be secured. 

There can be no doubt, that by careful blasting, large blocks of the 
material can be extracted, suitable for the manufacture of occasional 

table-tops, mantelpieces, clock-cases, cas- 

Specific uses of the Orbicular j^^ts. vases and the like ; and these, which 
Granophyre- * 

would be unique of their kind, ought to 

fetch fancy prices m the leading stone markets of the world. 


When examined under the microscope, each compound unit presents 
the structure shown by the photomicrograph, Fig. 45, Plate XLIII, 
which has been magnified to display its essential details to the best 
adv'antage, as follows : — 

Each orbicular system consists of a core or nucleus of tolerably 
fine micropegmatite, the intergrowm components of which give a mean 

, measurement of rh inch ; and between 

Microscopical Determinations of 

the Mineral Constituents of the crossed nicols extinguish simultaneously 
Orbicular Granophyre. restricted areas, thereby showing 

the nucleus to be originally formed from a twin crystal or an aggregate 
of crystals of probably sanidine. 

The nucleus, which usually assumes sub-angular outlines, is sur- 
rounded by a zone, averaging about ~ inch in width, and resolvable 

Micropegmatitic ^uclei wtfh excessively fine, almost ultra-micros- 

Ceiyphitic Selvages in the orbi- copic radiating fibrils of felspar and quartz, 
cuiar Granophyre which penetrate into an outer 

zone, varying from about ^ to ^ inch in breadth, and augmented 



Plate XLVI. 



Regd. No. 542. Fig. 48. Altered Amygdaloidal Basalt, 

To show the Intimate Structure of an Amygdale. 

\V\rsON tS: Sons' i iur/: Ohfrrfivt', o'jr XioPcrica^ A^crtnn', 

Amplified 30 Diameters. 

-Ciromtd'masx. O. Outer sub-iilt raniieroseopie border of evidently a li'ranular 
se^reLi'a) ion if eolourless aui^'ite, (ilii>psid<‘ ). M, Zone of aLri4're<4'atecl 
microlites ot tnat^netite. Q. in eontinnit} witii Q'. Sulneent ral and /ornal 
mo'^aies ot eolourless i. haleedotiie siliiM. S.-^Tale, se.i-Ljroen zonal 
pateiieii of non-pleoehroic material, exhibitiiyy; radiating tibrou^ structure 
bt'iueen crosses! nicoU. E. — Monoclinu lallis id pHle-^e]lo^^ epiiiote. 
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by numerous radiating, fan-like, branched bundles of moniliform rod^ 
and curved fibres of a dark brown to deep indigo colour. Some of these 
rods coalesce to form slender elongated crystals of a greenish colour, 
and all of these evidences supported by observations on the spherulites 
of kindred textures, are strongly in favour of the assumption that they 
are in reality incipient forms of pyroxene. 

It is this outer zone or ‘ celyphitic ' selvage, that endows the mass 
with its characteristic dark-ringed patterns when slices of the rock are 
cut and polished ; and they must be regarded as of original and not 
secondary origin, such as the ‘ reaction-rims' found in many gabbros. 


The orbicular like some of the smaller spherulitic and centric systems, 
in this particular specimen, are so closely crowded as to leave only com- 
paratively small intermediate areas of the 
Subordinate Interstitial Gr^d- ground-mass visible ; but in these situations 

the micropegmatite is generally more 
coarsely textured ; while small laths of sanidine, larger blebs of quartz 
and irregular forms of green augite make their appearance. Opaque black 
magnetite, in a fresh condition, even in partially weathered sections, 
occur in the restricted ground-mass and particularly in the celyphitic 
selvage in the form of irregular grains and minute octahedra which 
average about ~ inch in diameter. 


These determinations would be sadly deficient, if no record were 
to be made of some of the more important economic hypabyssal rocks 
_ , that are at present available in large 

Economic Hypabyssal Rocks r 1 1 • 

from Easuy Accessible Sites in quantities from easily accessible sites ; 

Porbandar State. following brief list is therefore 

here submitted for the information and guidance of prospective pros- 
pectors and contractors ; — 

Regd. No. 33. — Chemically analysed*, is partially weathered^ 
at the surface, but even then remains exceptionally tough and strong 

and suitable for dock work. When quite 
Dta” on fresh, is of a fresh grey colour, and consists 

of a slightly porph3nitic, medium textured 
granophyre, occurring in tolerable abundance, in form of a nether hillock 
called Khoria Dhdr, at about the limestone limit on the Adatidna Heights, 
100 yards or so E. of the Railway-siding, opposite ‘‘ Navii " miliolite- 
quarry. No. 62. 


* Ut supra , p. 94, 
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Regd. No. 127. — Is precisely similar to No. 33, and probably 
a continuation of the same intrusive mass. It is exposed as a spur, 

named Gudazali Dhdr, from Gudazali 
Grey Granophyre of Gudazali opposite miliolite-quarry No. 4 

and adjoins the Raihvay-sidmg to the 
Adatiana Heights, with a fairly deep gully intervening. By blasting, 
large quantities of perfectly sound building blocks could readil}^ be 
secured. The bed of the gully, gives a fine exposure of spherulitic felsite 
of the variety No. 34, already described and illustrated.* 

Regd. No. 38.! — Occurs in vast quantities of huge boulders 
covering a very wide area over the limestone limit at the base of Mohr 

Chupra Dungar, and adjoining the Railway- 
Ruddy-grey Sub-hoiocrystaiiine siding to the miliolite quarries on the 

Aaa.id„a Height. I, may be deacribed 
as a medium to finely textured ' Ruddy- 
grey, Sub-holocrystalline Granophyre — its colour being manifestly due 
to sunbaking and alternate monsoon conditions ; but is nevertheless, 
in the bulk of the large boulders from the lofty crags above, tough and 
strong enough for all building purposes and may even be used with 
satisfaction for dockwvork, the erection of piers for bridges, as well as 
for high-grade road-making. This rock has already been largely drawn 
upon for the sake of the silica it contains for the manufacture of cement 
b}^ The Indian Cement Co., Limited, at their Porbandar works. 

Regd. No. 39. — Found occurring as huge erratic blocks and 
boulders, evidently detached from the steep heights to the NW. of 

Mohr Chupra Dhilr and scattered thickly 
Highly Ornamental Hoiocrys- by the borders of the Railway-siding to 
*ontteAdXna^Hrig^““ the Adatiana Heights adjoining miliolite- 

quarry, No. 15S ; this specimen closely 
resembles a red granite of from medium to coarse texture, and when 
polished furnishes ornamental material of great beauty. Under the 
microscope however, its true nature is instantl}* revealed as a ' Holo- 
crystalline Granophyre being composed principally of allotriomorphic 
twinned crystals of pink and red orthoclase intergrown with quartz in 
micropegmatitic fashion ; occasional idiomorphic units of colourless 
sanidinc, irregular patches of water-clear quartz, and accessory small 
crystals of deep-green augite and opaque black magnetite. Sometimes, 

■ Ut -^upra, pp. lOO-lO^J; Fiates XXXVr XXXVHl. 

I For chemical analysis, sec ‘ Narrative Report p cxxvni. 
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Regd. No. 543.— Fig. 49. -Altered Porphyritic Basalt. 

12 feet below Surface of Well-shaft. 

1^ miles NE. by NIVE, of Asiapat, Barda Hills. 

/Ki'i,olvcd hy Watson vnd Sons' inch Ofijcctivc, 0*17 Xunicrical 

Amplified 15 Diameters. 

A. -Anivi^Jale. P.^ — Glomero-porpliyntic phenocrysts of triditnc felijpar,— niediuni 
labradorite, G. — Andesitoid ground-mass, composed of: — (/). — Diminii- 
livo latlis of jrii'linic felspar, vhnply t tvinned, — acid Jahradorito verging 
on andosino. (//). — Densely packed microlitic granules of colourless 
aiigite, — diopsjde. (///). — Microlitic granules and aggregated granules 
of opaque black magnetite, {/aj.— A very small quantity of residual, 
greyish, isotropic glass. 




Holocrystalline Granophyre 


the augite and magnetite occur in excess, and thereby give to those parts 
of the rock-mass, a glistening blackish colour flecked with red. 

Regd. No. 47. — In hand-specimens, closely resembles a light 
to dark blue-grey, sparingly porphyritic dolerite ; but, when e.xamined 

under the microscope, turns out to be a 
■ Sub.holo™tam„e, almost Ultramicros- 
Adjoining the Hanawao-Bordi copic Granophyre/ The allotriomorphic 
Cart-road. units of excessively fine micropegmatite 

constitute the bulk of the mass, and can only be satisfactorily resolved 
by a J inch objective and amplification of over 50 diameters. Every 
here and there, segregations ot allotriomorphic, water-clear quartz 
with a little cloudy grey felspar, form patches of a variety of coarser 
micropegmatite ; while at irregular intervals there appear elongated 
porphyritic crystals, occasionally in Carlsbad twins giving straight ex- 
tinction, of colourless sanidine. Accessory minerals, which give to the 
rock its dark colour consist of sporadic crystals of deep green augite 
crowded with grains of magnetite ; a second generation of elongated, 
narrow rods of dusky -green augite also containing granules of magnetite ; 
and an abundance of irregular crystals, skeleton-crystals and minute 
octahedra of opaque-black magnetite scattered throughout the field of 


The stone is exceedingly hard, but not quite so tough as the slightly 
coarser varieties of granophyre. It is of course vastly stronger and more 
enduring than any volcanic rock, and most favourably situated for 
quarrying operations, being exposed as an outlying mound, about 2| 
miles NE. of Ranawiio town, and again outcropping in greater abundance, 
to form the bed and high bank of a stream a little farther SE., skirting 
the cart road from Rdnawiio to Bordi, and forming part of the boundary 
of the Naliiidhar St ate- jungle Reserve. 

Regd. No. 62. — Provisionally called a ' Grey-brown Light- 
coloured, Medium-textured Granophyre and most favourably situated 
^ by the Bordi road-side only ^ miles NE. 

Granophyre. 3 miles NE of of Riinawao town, this exceedingly tough 
RanawaoTown. Strong stone occurs in form of a long 

and tolerably wi.de spur from the mountain-massive, trending from 
NW. to SE., to vanish at the surface immediately N. of the Naliadhar 
State-jungle Reserve. 

When blasted, the rock presents a dark grey hue, but is v’cry deeply 
weathered, and shows numerous superficial miarolitic cavities and patches 



ii6 Economic Geology of Porbandar State 

of yellowish-green decomposition products ; but, in spite of all this 
remains exceptionally strong and well adapted for breaking into road- 
metal of the highest grades. 

Under the microscope it presents a typical holocrystalline texture, 
constituted by units of well-formed micropegmatite, in all essentials 
corresponding to the description given of the Vijfaria Jhar granophyre,* 
save that it is deficient in sanidine crystals. The stone has been recom- 
mended for dock and harbour work and road-engineering operations, 
and is one of the specially chosen samples now being tested for highway 
macadamising by Mr. Measham Lea, the Chief Engineer of Karachi 
Municipality. 

Regd. No. 523. — Forming the bulk of the summit hill called 
Dhori Dhdr upon which the Khambala State Bungalow is built, and 

Finei,-te*turedPorph,rUicGra. resembling the cleaved intrusions 

tiopbyre of Dfaori Dhar near by which it appears to be intersected, this 
Khambala. specimen exhibits a fresh, pale blue-grey, 

compact ground-mass, liberally studded with small porphyritic crystals. 
No trace of spherulites nor centric systems can be detected under the 
microscope, for the entire ground-mass is constituted by a variably fine 
niicropegmatite of brownish-grey orthoclase and clear quartz in inter- 
growths of from to ^ inch on an average. The porphyritic 
crystals, comprise tabular and elongated sections of green augite with 
inclusions of magnetite, and small idiomorphic crystals of colourless 
sanidine, sometimes twinned on the Carlsbad law and occasional- 
ly showing traces of polysynthetic twinning between crossed 
nicols. 

Patches of dusky-green and incipient spicular crystals of augite, 
crowded with granules of magnetite, diversify the field of view, which 
further shows irregular areas of allotriomorphic water-clear quartz ; 
while minute octahedra and granules of opaque-black magnetite are 
plentifully distributed throughout the field of view. 

From the foregoing determinations, this rock may now be correctly 
designated a ‘ Finely-textured Porphyritic Granophyre/ It is available, 
even at the surface, in a perfectly sound and fresh condition, and admits 
of being blasted to yield building blocks of large dimensions, while the 
wastage could be profitably utilised for high-grade road-metal. 


Cf . ut supra , p. 107. 



Regd. No. 306. -Fig. 50. Fissile Amygdaloidal Basalt. 

Well-shaft, l mile W. by WSW. of Morwara. 

hv \V.\Tsox \M) Sons’ h i urh Ohjct tire, 0*34 XinHcrical A/)t'?-titn\ 

Amplified 50 Diameters. 

A. — Amvi^dale ot iinel\ t'llirous zoidito, fornu'd ot a dark brow iiisli eronulated bolder 
and hi^hter ^roy core ot radiatin£4 fihrds. A'. — Patehes of aiixretCHted 
granules ot brownish au^Uo. F. -Small colourless laths of triciinic 
felspar, many ot w’hich slunv muUip’e twnnning'. M. — Crystals and i4*rains 
ot' op.ique, black niat^netite. In other parts of the same preparation 
there are a few* somew'hat larger laths of felspar pheruvrysts medium 
to basic labradorite ; while under low magnitxing’ powers, tlie substance 
ot the stone appears to be arranged in alternately dense and less compact 
layers which probably account tor the fissilil\ ot the rock. 
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Regd. Nos. 113 and 79. — About ij miles SE. by SSE. of the 
village of Bordi, there is an outlying hill called Cocachia Dhar, which 
Finely-textured, Sub-porphy- appears to be composed of a few separate 
ritic Granophyres of Coeacbia dykes of granophyric rock of fine texture. 
Dhar near Bordi. These dykes, which are essentially similar 

in intimate structure, vary somewhat in their mode of occurrence, 
and megascopic appearance. No. 79 is exposed as a spur from the W. 
flank of the hill, and yields blocks of uniform texture, large dimensions, 
and a fresh light grey colour ; while No. 113, adjoining on the slope of 
the NW. spur of the hill, is almost black and cleaved into rectangular 
blocks of the size of extra large paving-setts. 

Under the microscope No. 113, displays a field of view constituted 
b}^ a tolerably fine-textured micropegmatite or intergrowdh of light 
bro\\m orthoclase felspar and clear quartz ; while patches of allotrio- 
morphic larger crystals of quartz occur every here and there. 

Between crossed nicols the micropegmatite shows traces of differen- 
tiation into allot riomorphic crt^stals after orthoclase, and these may be 
regarded as virtually forming a holocrystalline texture. Small porphy- 
ritic crystals of idiomorphic, colourless sanidine are sparingly present, 
sometimes as Carlsbad twins and frequently also showing traces of albite 
lamellation. Patches and grains of green augite, crowded with opaque 
black magnetite, are freely developed ; while minute octahedra and 
irregular crystals and granules of magnetite are so plentifully present 
as to endow the rock-mass with its black colour. 

The Cocachia Dhar rocks may therefore be correctly called, ' Finely - 
textured Sub-porphyritic Granophyres' ; and, being admirably adapted 

to the wants of bridge, dock and road 
Loading Platform-siding at Bordi. engineers, and most favourably situated 

for continuous quarrying operations, ought, 
if once introduced, to speedily find high favour in the markets of Western 
India. Unfortunately the present cartage expenses to Porbandar 
would be prohibitory for road-metal ; and it is therefore once more 
suggested that a strenuous effort should be made to establish a Railway 
Station, or at the very least a loading platform near the adjacent village 
of Bordi. 

Regd. No. 120. — A pale bluish-grey, appreciably porphyritic 

and very finely textured stone, to the naked eye ; intensely hard, to- 

Fineiy-texturcd Porphyritic Gra- lerably tough, and capable of being easily 
nophyre of Dhordi Dhar near x i 

Bakharia. extracted by blasting from sites admirably 

adapted for quarrying on a large scale, this desirable rock occurs in 
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the form of a long nether hiU at the base of the mountain-massive, call- 
ed Dhordi Dhar, to the very foot of which a wide and well-beaten cart- 
track leads from the viUage of Bdkharla, 4^ miles distant, to the WSW. 

Microscopical examinations of thin slices are sufficient to demon- 
strate that the rock should be described as a ‘ Finely-textured Por- 
phyritic Granophyre ' constituted by : — (i).~A ground-mass of almost 
ultramicroscopic micropegmatite requiring a good i inch objective for 
its resolution, into an intimate intergrowth of light grey orthoclase and 
water-clear quartz, (u). — Segregated patches of larger units of colourless 
allotriomorphic quartz. {Hi). — Porphyritic, idiomorphic crystals of 
colourless sanidine mainly of elongated habit. Some of these crystals 
show twinning on the Carlsbad law, as well as traces of multiple 
lamellation indicative of intergrowths with a triclinic felspar. In a few 
instances the crystals are zoned ; being composed of a core of plagioclase 
enveloped by sanidine, and showing numerous intermediate inclusions 
of the fine micropegmatite of the ground-mass. Nearly all of the 
porphyritic crystals of sanidine are also crowded with inclusions of 
micropegmatite ; while occasionally there may be detected microHtic 
endomorphs of colourless, acicular, transversely-cracked, rods of probably 
apatite, which extinguish straight when rotated between crossed nicols. 

Augite of a green colour is represented by sporadic, irregularly 

contoured, comparatively large patches, closely crowded with grains 
of magnetite ; and with evidently a second generation of small rod- 
like, dusky green crystals, also associated with magnetite granules. 

Opaque black magnetite also occurs disseminated throughout 

the substance of the stone in innumerable minute octahedra and crystal 
aggregates ranging from about much as ^ inch in mean 

diameter. 

Regd. No. 30 . — Incoherent Sand, the mode of occurrence of which 
has already been recorded* has been chemically analysedf and found 

to tally closely in composition with the 
^ granophyres of the mountain massive. 

incoherent Sand :-Dc composed ^ ^ i xi. ^ x 1 

Granophyre or Feisite, from Cave It IS thereiore assumed that the material 

called ‘ Jambuvanti Bhoira.’ jg nothing more nor less than a thoroughly 

' Decomposed Granophyre,’ physically|ai- 
tered beyond recognition, but manitaining the integrity of its proxi- 
mate principles. 


* Vidt ut supra, p. 49. 
t Ut supra^ p. 94. 



Plate XLIX. 



Regd. No. 256.— Fig. 51.— Highly Altered Compact Basalt. 

Ten feet below Surface of Well-shafl. 25 yards SW. of Bhavpura. 

Rt’solvcd hv Watson and Sons’ 4 OhJrrtiv^\ 0*34 Xum'rical Af^.^rtun\ 

Amplified 50 Diameters. 

This rock furnishes a rare instance of chemical metamorphi'^m, occasioned by the 
percolation of both salt and fresh water through beds of Dwarka shell- 
sand to react upon the beds of lava below. G. — Ground-mass, constituted 
by (/). — Excessively minute laths of triclinie felspar, — basic labradorite. 
(/V). —Aggregated granules of greyish to colourless augite. t///). — Minute 
octahedra and irregular grains of opaque, black magnetite. \ {iv ). — An 
appreciable amount of interstitial, residual, isotropic, colourless glass. 
P.— Elongated, irregularly shaped spaces, filled with a feebly refringent 
green alteration product. It is suggested that these represent meta- 
morphoied former phenocrysts. 
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Under the microscope, a power of at least 50 diameters, with good 
resolution is required for the correct determination of the dissociated 

particles, which vary in sizes from even less 

Scales o£ Palagonite in the Cave , - ^ - _ . , i • t_ 

Sand of ‘ Jambovanti Bhoira.* than to a little Over ^tto inch. These in 

order of their abundance, consist : — (j). — Of 
principally angular but sometimes partially rounded fragments of colour- 
less quartz, averaging about 7^ to inch across, {ii ). — Large and some- 
what rounded, yellowish-brown to brown scales of an amorphous semi- 
transparent material, measuring approximately ^ inch, and frequently 
less, across. These are evidently comparable to the altered volcanic 
glasses called ' palagonite ' which Rutley notes,* results from the 
action of heated water or steam upon flows of lava, which affects the 
decomposition of many of the constituent minerals, and especially causes 
the peroxidation of any protoxide of iron compounds which the rock 
contains/" It is just possible that the original rock consisted largely 
of a cryptocrystaUine or undifferentiated vitreous ground-mass ; and 
it is doubtless these scales which glisten in hand-specimens and were 
mistaken for gold by native prospectors. {Hi ). — Small oblong forms 
of greyish to colourless crystals, about 7^ inch or so in length and 
showing traces of twinning, indicate the former presence of sanidine. 
(it;). — Splintery fragments of green augite, fairly fresh, but few and far 
between, measure on an average ^ inch in length and less in breadth, 
(t;), — Specks and granules of opaque black magnetite that have survived 
epigene reactions. No trace of fragments of micropegmatite, as such 
can be detected ; which points to the conclusion that any such structures 
if present, must have been completely disintegrated or that the 
original rock took the form of a spherulitic felsite.t 


PHYLUM C.— VOLCANIC ROCKS. 


E 


ITHER COMMERCIALLY VALUABLE Or of Scientific interest, the rocks 
of this series that are worthy of determinations may be naturally 

porbandar ^l^^sified in accordance with their origin, 
Bbyoiites geological age and modes of occurrence, 
into three weU-marked groups ; namely ; — 
(z). — The Bedded-lavas of Cretaceo-Eocene. (fi). — Light Lavas, Acid 
Volcanics or Rhyolites of probably Early Eocene. {Hi). — Dark, Basic 
Dyke-Rocks, of date subsequent to the eruption of the Rhyolites. 


Volcanic Bocks of 
State Bedded-lavas. 
and Basic Dyke-rocks. 


"" ‘The Study of Rocks’, London, 1879, p. 272. 
t Cf. ut supra, pp, 99-103 ; Figs. 5 and 35*40. 
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Group L— Bedded Lavas of the Deccan-Trap Period* 

S UFFICIENT INFORMATION has already been afforded concerning 

the general mode of occurrence, geological structure, and localities 

in Porbandar State, whence large supplies 

Bedded-iavas of the Deccan- of economic examples Or noteworthy sped- 
Trap Period. x • / 7 

mens, belonging to this group of rocks, 

can be obtained, both in the pages of this summary and those of the 
preceding narrative reports."^ It would therefore be quite superfluous 
to render an abstract of observations made in the field ; but as distinctly 
desirable, on the other hand, that a record of laboratory determinations 
should be given forthwith, as follows : — 

Regd. No. 223. — Occurring exposed as a hilly-mound, 2-| miles 
NE. of the toNvn of Morwdra, in a practically fresh condition, this 

typical sample of a ' Hypocrystalline 
Hypocrystaiiine Oiivine-Basau, Olivine-Basalt \ manifestly represents the 

denuded middle or compact zone of a 
lava-flow, the upper vesicular or amygdaloidal portion of which has 
entirely vanished. The rock is exceedingly tough and strong, and only 
less durable than granophyre for road-metalling and the making of 
paving-setts, curbs and copings for which it is admirably adapted. 

Hand-specimens show a fresh black clean-fractured surface liberally 
studded with minute glistening ruby-red crystals and a few glassy 

porphyritic patches, which, upon exami- 
Tbe Special uses of Basalts. nation with a pocket magnifier or codding- 

ton lens, turn out to be large cr^^stals 
of olivine and aggregates of colourless felspar. Although much used 
as building-blocks for dwelling-houses and the piers of bridges, the 
basalts as a rule are not to be preferred for such purposes, where the 
much stronger and far more durable granophyres are available, on 
account of the comparative rapidity with which they succumb to* 
atmospheric influences. Indeed, for architectural elevations of any kind 
they are of less value than good limestone such as the miliolites ; but 
for the' macadamising of roadways, they are vastly superior to any kind 
of calcareous rock and second only to micro-granites and granophyres. 

Determinations made with the microscope show the rock to be of 
‘ hypocrystalline ' texture, inasmuch as it displays a small amount 
•Hypocrysiauine- Texture and of residual unindividualised glass, which 
intersertai * structure. is sometimes ‘ interseital ' in situation 

and either colourless or of a faint brownish hue. Fig. 46, Plate 


♦ Consult ' Table of Contents ‘ and * General Index ’ to this volume. 
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Regd. No. 190.— Fig. 52. -Black Obsidian. 

Apophysis of Dyke, 350 yards WNW. of Nagka. 

Ri'soivcd by \\\\ rj>ON .V\D Soxs’ i inch 0?}Ji'riiz\\ o’Ji XnmericaJ Aperiurc, 

Amplified 30 Diameters. 

The field- of-vie\v shows a colourless glassy matrix, closely crowded with elongated 
spicules of a neutral tint, apparent!}- radiating from separate centres, 
preMimably nucleated. The occasional black specks represent small 
crystals of magnetite. I nder higher powers, — from 50 to 100 diameters 
the spicules may be seen to trequently sliow secondarv branches at nearly 
right angles, and many of the larg-er ones appear to he hollow, and of the 
tiature ot skeleton crystallites, as they extinguish in all positions between 
crossed nicols. Judging from advanced phases of development the 
bpicules are probably incipietjt forms ot pyroxene. 




Glomero-porphyritic Structure 


I2I 


XL IV, conveys a correct impression of the intimate structure of the 
stone, which is there seen to be composed mainly of a ground-mass 
studded with large porphyritic crystals of plagioclase felspar and 
olivine ; but there are no phenocrysts of augite. 


The ' Glomero-porphyritic ’ struc- 
ture of Professor Judd. 


When rotated between crossed nicols, the colourless phenocrysts 
of felspar, exhibit albite lamellation and give extinction angles indicating 

that they belong to the variety called 
medium labradorite. They also show a 
tendency to aggregate into groups, (F. 
Fig. 46, Plate XLIII), styled the ‘ glomero-porphyritic ' structure by 
Professor J. W. Judd."^ These phenocrysts exhibit an elongated 
habit, and individually measure as much as by ^ inch, in thin 
sections. 


Other phenocrysts, more plentifully distributed than those of felspar 
are represented by idiomorphic, usually six-sided sections of olivine, 
(O. Fig. 46, Plate XLIII), so rich in iron, that their margins and cleavage 
and other cracks are deeply stained to a bright brownish-red colour, 
apparent as glistening ruby -red crystals when viewed by the naked eye 
in freshly fractured hand-specimens. The kernels of the olivine pheno- 
crysts are colourless and present shagreened surfaces by reason of their 
high refractive index ; — i * 68. They generally contain inclosures of minute 
octahedra and grains of magnetite, and sometimes show hght-brown 
internal patches with delicate closely parallel cleavages like those of 
mica ; but, being non-pleochroic, do not correspond with the Californian 
mineral described by Lawson under the name of ' iddingsite/t In 
size, large phenocrysts attain to the dimensions of x f;, inch in 
sections. 

The ground-mass contains, in order of abundance, the following 
constituents — Colourless laths of medium to acid labradorite, the 

majority of which show multiple twinning and range in length from 
to ^ inch or even less. They frequently exhibit a tendency 
to iluxional arrangement around the phenocrysts. (ri*). — Minute grains 
mainly of irregular shapes, but sometimes assuming tabular idiomorphic 
forms of a pale greenish-brown augite, varying from 5^, to ^ inch, 
(in). — Small crystals and irregular grains of a second generation of olivine, 
deeply margined, and sometimes entirely obscured by red iron-oxide ; 
from to iuch in dimensions, (tv ). — Opaque black aggregated 

Q. J, G. <S., London, 1886, xlii, p. 71 ; pi. VTI, fig. 3. 
t Bull Geol Dept, University, California, 1803, i, pp. 29-46 ; p], IV. 



122 


Economic Geology of Porbandar State 


crystals of magnetite, to inch across ; and minute octahedra 
and specks measuring to ^ inch. Sometimes the aggregated 
crystals of magnetite show traces of hexagonal outlines, and a superficial 
greyish-black colour when examined under reflected light, which leads 
to the belief that they represent intergrowdhs of magnetic and titanic 
ferous iron-ores, or titanomagnetite. (v). — Interstitial, sometimes in- 
tersertal patches of colourless to faint brown residual isotropic glass, 
are sparingly present ; but though not devitrified, show inclusions of 
excessively minute refringent microlites between crossed nicols. 

Regd. No. 233. — Forming an irregularly-shaped eminence, 
mile in diameter, located by the roadside miles WNW. of Morwdra, 

determinations show this rock to be, the 

Amygdaioidai Basalt Typical of denuded remains of the upper zone of 

the Upper Zone of Bedded'lavas. in ^ 

a lava-flow, and may be correctly called 
an ' Amygdaloidal Basalt.' The rock represents the lower portion of 
the amygdaloidal or vesicular zone of the bed of lava, inasmuch as its 
amygdales assume large spherical and smaller irregular contours, consti- 
tuted by cores of fibrous zeolites, with occasional separations of chalce- 
donic silica. Many of the smaller amygdales , — ^ inch, or less, — are 
enveloped in narrow shells of greenish silicide of iron ; but the larger 
ones , — ^ inch or so, in diameter, show narrow, crenulated rims ot 
cloudy silica. 

A peculiarity about this rock is, that while portions of the mass 
show ordinary columnar jointing, certain parts develop a closely reticular 
structure, dividing it into small polyhedra, which, by subsequent 
shrinkage, give rise to diminutive spheroids, which weather out 
at the surface into balls, each about the size of a school-bov's 
marble. 

There does not appear to be any development, as usual, of pheno- 
crysts in this specimen, which is very finely and uniformly textured and 
consists essentially of : — (/) — Small colourless laths, simply twinned, 
of acid labradorite or andesine, ^ to inch in length, (ii). 
Grains of pale-brown augite, —7, inch, or so, across. {Hi). — Opaque- 
black crystals and grains of magnetite measuring from ~ to 7?,,, 
inch. (iv). — A trifle of clear, but sometimes devitrified, brownish inter- 
stitial isotropic glass, (v). — The amygdales already noted, which are 
mainly composed of fibrous radiating aggregates of hydrous silicate^ 
of alumina, — probably of natrolite or mesoUte. 



Regd. No. 190.-^Fig. S3.— Black Obsidian. 

Apophysis of Dyke, 350 yards WNW. of Nagka. 

Kesolved by WaisON and Sons’ ^ inch OhJi'ctivi\ 0*34 Xunicrical AfeJture. 

Amplified 50 Diameters. 

From anotlier portion of tiie same thin section as that from which Fig". 52 was taken; 

showing, tow’ards the centre of the field of view, the formation of an inci- 
pient spherulite. Tlie spherulites, which are sporadically distributed, 
sometimes show traces of crystalline structure at their cores ; occasionally 
of pale yellow epidote. In this instance the core is colourless and sur- 
rounded by an amorphous dark-brown zone, which in its turn is enveloped 
by a colourless glassy ‘ court of crystallisation.’ The spicules ot pyroxene 
are also surrounded by a small proportion of colourless, isoln^pic ^lass. 
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Regd. No. 542. — Iliustrated by Fig. 47, Plate XLV and Fig. 
48, Plate XLVI. — This remarkable specimen may be accurately described 
^ 1 « as an 'Altered Amygdaloidal Basalt/ tb^ 

resulting through Thermal Mela- alteration having been effected by thermal 
morphism- metamorphism. The rock was taken from 

a new well-shaft, where it occurs at a depth of 10 feet from the surface, 
and is overlaid by a deposit of basement beds of miliolit e-limestone, 
miles NE. by NNE. of the picturesque village of Asidp^t in the Barda 
Group of hills. 

Although at a considerable distance from the base of the hills, and 
therefore not to be cited as an example of contact metamorphism, this 
rock, which belongs to the series of previously formed bedded-lavas 
in this locality, must have been profoundly affected by the injection 
of the vast hypabyssal dyke-rocks now denuded to form the mountain - 
massive ; for it bears many pronounced indications of alteration, when 
examined under the microscope. 

The rock is very finely textured ; and, at first sight, does not show 
any differentiation into phenocrysts and a ground-mass ; but, by careful 
illumination under low magnifying powers, faint traces of porphyritic 
crystals in aggregates, may be just barely discerned, especially between 
crossed nicols. The remainder of the field of view, with the exception 
of the spaces occupied by the comparatively large amygdales, is con- 
stituted by a ground-mass essentially similar in details to that of Regis- 
tered No. 543, presently to be described. 

Bearing in mind the vicissitudes to which the material has been sub- 
jected, namely, to thermal metamorphism, followed by severe denuda- 
tion and subsequent infiltrations of carbonated waters heavily charged 
with lime from the later deposits of miliohte, it is not surprising to 
find that the original amygdales, presumably zeolitiferous, should exhibit 
complicated changes. Some of the smaller amygdales develop shells 
of densely crowded ultramicroscopic particles and are filled with a pale 
sea-green substance resembling chlorite, but non-pleochroic, and exhibi- 
ting feebly illuminated radiating groups of fibres between crossed nicols, 
suggestive of serpentine. Others are filled with colourless plates of 
calcite, showing rhombohedral cleavage-traces, and iridescent greens 
and pinks of a high order ; and these are sometimes crowded with pale- 
yellow, non-pleochroic, monoclinic laths and irregular grains of what 
corresponds optically with epidote. 
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Complicated Alterations within 
Amygdales of Basalt 


Lastly, there are still more curious complications in the altered 
structure of these amygdales, which are shown by the central portion 

of Fig. 47, Plate XLV.and in greater detail 
by Fig. 48, Plate XLVI. This large amy- 
gdale, which is manifestly the result of 
the coalescence of two former vesicles, measures about ^ inch in length, 
by from ^ to ^ inch in varying breadth. It is constituted by an 
outer narrow light and a wider dark border of ultramicroscopic grey 
matter, inclosing a zone of aggregated microlitic grains of opaque black 
magnetite, deficient towards the smaller end of the amygdale. Within 
this there comes an incomplete band of a light grey apparently amor- 
phous matter which seems, however, to be in direct continuity with a 
somewhat similar sub-central patch ; but this patch, between crossed 
nicols, displays a division into mosaics giving the optical reactions of 
chalcedonic silica ; while imbedded therein, there appear many monoclinic 
pale-yellow laths of evidently epidote. An intermediate area is filled 
with a pale sea-green, non-pleochroic substance, which shows edgings 
of radiating fibrils, of possibly serpentine, between crossed nicols. 

Regd. No. 543. — Fig. 49, Plate XLVil, is a photomicrograph 
taken from a thin section of the same lava-flow as No. 542, but from 

below the depth of 10 feet, where the 

the Compact-zone of Bedded-iava amygdaloidal zone, just commences to 
subjected to Thermal Metamor- pass gradually into the middle or compact 

layer of the lava-bed. It will be noticed 
in the centre of the figure that an amygdale still persists; but a little 
lower down, the compact zone grows quite free from vesicles of any 
kind, and presents throughout, a structure precisely like that shown 
surrounding the amygdale in Fig. 48. 


To realise the general structure of the stone, only a low magnifying 
power, will be found sufficient ; — as shown by Fig. 48, where the field 

Good Example of the ‘ Giomero- view displays with great clearness the 
porphyritic * Structure of Profes- marked distinction between phenocrysts 
sorJudd. ground-mass. It wall be noticed, in 

the picture that the phenocrysts, which in this instance consist entirely 
of large colourless crystals of elongated habit, have a tendency to collect 
into groups ; — the glomero-porphyritic structure of Professor Judd. 
Between crossed nicols the triclinic crystals of felspar give, when rotated 
extinction angles averaging 32®, and are therefore of the variety caUed 
medium labradorite. 



Plate LI I. 



Regd. No. 186.— Fig. 54.— Hypocrystalline Rhyolite. 

Centre of 20 ft.«higb Dyke, mile SW. of Nagka. 

Resoh'ed by \V.\TSON ANI> Sons’ \ inch Ohjcctivv, 0*34 Xumcrical Aperture. 

Amplified 50 Diameters. 

— Incipient spherulites, showing- traces of radiating hbrous structure. — mp. — 
Crystals of felspar intergrown with quartz in form of excessively fine 
micropegmatite, which can just barely be discerned with this power. 
Q. — Subordinate mosaics of clear interstitial quartz. A. — Decayed elong- 
ated rods of pyroxene. The crystals and granules of opaque black 
magnetite observed elsewhere, have been oxidised into rust coloured 
spe»»ks and patches. 
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The ground-mass shows a plentiful crop of a second generation of 
microlitic laths, which give an average extinction angle of 23^, and 
are therefore of the nature of acid labradorite verging upon andesine. 
The interspaces left by this fine meshwork of felspar laths are crowded 
with diminutive granules of colourless augite (diopside) associated 
with a fairly equal proportion of minute grains and aggregated grains 
of opaque black magnetite ; while there also occurs a small residuum 
of greyish isotropic glass. 

Peculiarities obtain in the sporadic occurrence of small, imperfectly 
developed endomorphs of diopside in some of the felspar phenocrysts, 
in the presence of a few sub-spherical amygdales and in the formation 
of a kind of cloudy grey reticulum, which pervades the ground-mass 
irregularly, and owes its singular appearance to closely packed granules 
of augite, unaccompanied by particles of magnetite. This segregation 
of augite granules can just barely be resolved by the use of a one inch 
objective with an ampliiication of at least 50 diameters. 

The central amygdale depicted in Fig. 49, Plate XL VI, points to the 
circumstance that the specimen was taken from the upper part of the 
central zone of the lava-bed ; by reason of the fact that vesicles or steam 
pores, are confined to the superficial portions of each lava-flow, and 
gradually decrease towards the middle of the mass. The sub-splierical 
amygdale in Fig. 49, shows a greyish granular border of almost utrami- 
croscopic particles of augite (diopside), passing inwardly into a zone of 
pale yellow granules of, probably, epidote. Next comes a light-grey 
crenulated zone of minute granules of, presumably, more augite ; while 
the core of the structure is occupied by closely crowded minute particles 
of opaque black magnetite. The rock may therefore be styled an 
‘ Altered Porphyritic Basalt,' and dates back to the earlier days of 
fissure eruptions of the Deccan-Trap Period. 

Regd. No. 306. — Fig. 50, Plate XLVUI, by reason of its pecu- 
liar mode of occurrence,* may be described as a * Fissile Amygdaloidal 

Basalt.' How the hssihty, -which lies paral- 
Fissiie Amygdaloidal Basalt. lei to the bedding, originated, must, for 

the present remain an enigma ; but, when 
examined with a low magnifying power, thin sections show an alter- 
nately coarse and fine arrangement of the mineral units. 

* Vldi ut supra^ ‘Narrative Report,’ p cix. 
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No marked distinction between phenocrysts and ground-mass is 
obser\’able in the photomicrograph, Fig. 50 ; but, in other parts of the 

Professor Hosenbusch's ■ Infra- preparation, a few larger colourless 

telluric ’ and ‘ Effusive ’ Periods laths of tdclinic felspar, — medium labra- 
of Consolidation, dorite, — may be detected, and perhaps, 

dignified by the name of phenocr3’3ts of actual intratelliiric consolidation. 
These larger laths, which are few and far between, measure from , 
to inch in length ; whereas, the microlitic laths, also of colourless 
laboradorite, assume slender forms which rarely exceed inch in 

length, but are much oftener only inch long, and doubtless represent 
Professor Rosenbusch's effusive period of consolidation. 

Wedged in between the meshes of the felspar laths, are irregular 
patches of almost ultramicroscopic granules of brownish augite. These 
sometimes measure as much as inch across ; while 

the individual granules average about , inch in diameter. Opaque 
black magnetite in minute octahedra and larger compound crystals. — 
from to inch across, are comparatively conspicuous in this fine 
texture, and are freely disseminated throughout the field of view. 

Amygdales occur only occasionally, and are usually discoid, and 
occupy positions more or less parallel with the planes of fissility. One 
of these is shown in vertical section at A, Fig. 50, Plate XLVIII ; and 
exhibits a very finely fibrous structure, with a dark brownish crenuiated 
border of inwardly radiating, and a lighter core of greyish fibrils, feebly 
refringent and otherwise indicative of its zeolitic character. 

Regd. No. 256.— Fig. 51, Plate XLIX.— Without observations 
in the field it would be difficult if not impossible, from hand specimens 

Highly Altered Compact Basalt;— even fiom thin sections to indicate 
the Result of Chemical Metamor- the affinities and true nature of this 

singular rock, the mode of occurrence 
and locality of which have already been recorded.* It forms an exceed- 
ingly thick stratum of strangely altered bedded-lava, underlying deposits 
of consolidated shell-sand, — raised beach, — of the Dwdrka Group, the 
side of the sea-shore on the SW. side of Bhfivpura, and may be considered 
to furnish an example of chemical metamorphism, due to the perco- 
lation of both salt and fresh water through the overlving calcareo-siliceous 
beds, to react upon the lava below. 

Exposed at a depth of about 5 ffiet from the surface, by a recently 
sunk well-shaft, the stone exhibits all the characteristics of the compact 

♦ Vide ut supra , ‘ Narrative Report,' pp xcvi,ci 



Plate LI II. 



Regd. No. 180.— Fig. 55.— Micropegmatitic Rhyolite. 

Centre of Dyke, Parla Dhar, h mile E. of Bawawao. 

hv Wat SON wn Sons* \ uu'/i ()hjcc(iz'i\ Af^olurc, 

Amplified 50 Diameters. 

Pr.'U'ticalU a sub-hoIoLiA stalline texture, coinposeti csseniiail) ot ; — mp. — Micropeg- 
niatltic crystals of felspar barely resolvable as such utider this powei . 
Q.— A very subordinate proportiorj of mosaics of clear interstitial L]uart7. 
S. — Incipient spherulites exhibiting; radial fibrous structure. A. — Irregulai 
plates of dusky brownish-green augite A‘. — Dusky brownish green 
crv.stals of pyroxene of elongated habit. The opaque black crystals and 
granules of magnetite disseminated througliout the field, are t<.io miriute 
to be indicated by lettering. 
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or middle zone of a very thick bed of lava, the upper or amygdaloidal 
portion of which appears to have entirely succumbed to denuding agents. 
The subsequent deposition of Dwdrka shell-sands, or arenaceous lime- 
stone upon this substratum, and the infiltration of carbonated salt and 
fresh waters through them into the underlying bedded-lava, has been 
effectual in converting the latter into a soft brown to bluish-green and 
ash coloured clay, with the exception of rows representing the nuclei of 
former spheroids. These nuclei are also changed to an ashy or bluish- 
green colour, but preserve their hardness sufficiently to enable thin 
sections to be readily prepared. The rock may therefore be correctly 
called a ‘ Highly Altered Compact Basalt.' 


Excessively fine in texture, a magnifying power of at least 50 diame- 
ter^ will be found necessary to resolve the mineral units of the rock. 
There are many sporadic irregularly shaped elongated spaces from — to 
inch long, filled with a feebly refringent, granular, green alteration 
product, studding the field of view. These are bounded by a brighter 
green, almost isotropic crenulated borders ; and the whole structure 
is surrounded by more or less colourless unindividualised glass, resembling 
' courts of crystallisation.' In consideration of the fact, that the altered 
nuclei of spheroids, from a sample of which No. 256 was sliced, unques- 
tionably belong to the compact zone of the lava-bed, these green bodies, 
can scarcely be regarded as altered amygdales ; but are more likely to be 
the chemically metamorphosed representatives or pseudomorphs of 
former felspar phenocrysts. If so, the bulk of the rock consists of a deli- 
cate andesitoid ground-mass, which, from the examination of many 
thin sections, does not appear to show signs of change, and is constituted 
by : — (z). — Colourless, microlitic laths of triclinic felspar, — basic labra- 
dorite, — measuring from ~ to ~ inch in length, (n). — Irregular 
aggregates of greyish to colourless granules of augitc, the individual 
granules of which average less than i^ch across. {Hi). — Diminu- 
tive octahedra and granules of opaque black magnetite, about 
inch in diameter, (v ). — A small proportion of colourless, residuah 
isotropic glass, filling up interspaces. 


Regd. No. 235. — Approaching Waddla, about 100 yards or so 

on the E. side of the town, there is an eminence of large blocks 

of a dark black stone, which exhibits the 

Fissile Amygdaloidal Olivine* unusual peculiarity of flow-structure by 
Basalt, with Discoidal Amygdales. r j 

the presence, at irregular intervals, of 
discoidal zeolitiferous amygdales, measuring from the fraction of an 
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inch to over an inch in diameter, but seldom exceeding a quartjer of an 
inch in thickness. The stone is exceedingly tough and compactly 
textured, but so splintery as to be of little value, save for road-metal. 
It is here specially noticed on account of its uncommon fissility, which 
points to the consolidation at the earth's surface of a particularly mobile, 
and therefore decidedly basic lava flow. 


Optically examined, thin sections show a few elongated laths of 
colourless triclinic felspar, seldom exceeding by inch in dimen- 
sions, and giving the extinction angles of basic labradorite and by- 
towrite. Numerous microlitic laths of a less basic labradorite, from 
7^ to yV. iBch in length, and trending more or less in one direction, 
constitute the dominant feature of the ground-mass, the interspaces 
of which are hlled by aggregated granules of greyish augite, each about 
inch across, and minute octahedra and compound crystals of 
opaque black magnetite, to inch in size, in almost equal 

abundance. A very small proportion of residual glass can barely be 
identified with high magnifying powers brought to bear upon extra 
thin parts of the preparation ; while there also occur a good many ill- 
defined, dusky-greenish crystals, about ~ by ;7^, in average size, 
of olivine. The rock may therefore now be correctly registered as a 
‘ Fissile Amygdaloidal Olivine-Basalt.' 


Laterised Amygdaloidal Olivine- 
Basalt of the Contact-zone, show- 
ing Stem-like Amygdales- 


Regd. No. 232. — This specimen is of comparatively rare occur- 
rence in Porbandar State, although plentifully in evidence else- 
where in the Province of Kathiawar. It 
represents the lowermost or contact -zone 
of a lava -flow, which originally happened 
to pass over the cold surface of a previously 
consolidated bed, in the presence, in this particular instance, of a super- 
abundance of moisture. The primary effect of this passage of molten 
material over a moist chilled surface has been to cause jets of steam 
to be forced vertically upward into the consolidating lava-flow, with the 
result that elongated and frequently branched cylindrical vesicles are 
formed, which ultimately become filled with secondary products and 
thereby give rise to a series of sub-parallel, vertically disposed, stem-like 
bodies homologous with the amygdales of the upper or superficial zone 
of the lava-flow. 


Contact metamorphism in this case, accompanied by the presence 
of an excess of moisture, has caused a reaction analogous in all respects 
to incipient latensation, so that the substance of the stone has been 



Plate LIV. 



Regd. No. 154. Fig. 56.— Fine-textured, Densely- 
Black Basalt. 

Half-a-mile NW. by WNW. of Bakharla. 

Resolved hv Watson and Sons' i inch Objective^ 0*21 Xujnecical Ape rf lire. 

Amplified 30 Diameters. 

An excessively fiiie textured field of view is here shown in which the dominant mine- 
ral consists of microscopic laths of colourless triclinic felspar, — medium 
labradorite, all belonging to the effusive period of consolidation ; 
for, there are no phenocrysts. Wedged in between these variously 
orientated laths, are aggregates of very small granules of pale brownish- 
grey aiigite ; while equally diminutive crystals and irregular grains of 
opaque black magnetite are plentifully scattered throughout the field-of- 
view’. By careful examination a small proportion of colourless to pale 
greyish-brown isotropic, residual glass may be detected filling interspaces. 
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altered to a brick-red colour ; while the cylindrical, sub- vertically dis- 
posed vesicles, filled with white zeolites, bordered by nms of bright 
green silicide of iron, give to the rock quite an ornamental appearance. 
This does not presuppose, however, that the material can be utilised 
in any way on a commercial scale, simply because these lower or contact 
zones scarcely ever attain to more than a few inches in thickness, and 
are moreover prone to part into small pieces upon being handled. 

The stem-like amygdales, as they are usually called, are generally 
branched, and but a few inches in length at the utmost. Thev give 

circular, ovoid and irregular transverse 

Natureof the Stem-Uke Am,g- ; and, in this ' instance, show 

dales 

zeolitic aggregates of a milk-white colour 
in bulk by reflected, but colourless and pellucid when viewed by trans- 
mitted light. Under the microscope, the contents of the amygdales 
appear in form of a mosaic of allotnomorpliic, colourless crystals of 
fibrous structure, and giving straight extinction when rotated between 
crossed nicols. They are therefore of the variety natrolife ; — a hydrated 
silicate of sodium and aluminium, which belongs to the orthorhombic 
system ; but shows nc visible bisectrix or optic axes in a cleavage flake . 

The substance of the rock itself has manifestly undergone changes 
due to contact metamorphism and the presence of much moisture, for 
it may be seen to consist : — (i). — Of minute laths of colourless tnclmic 
felspar — medium labradorite, inch in mean length, (li). — Sporadic 

crystals of olivine, frequently ^ inch long, heavily indued with red 
ferric hydrate, (iii). — An interstitial ]:>rick-red, nearly opaque substance, 
of the nature of hydrous silicate of alumina and also perhaps of a simple 
hydrate of alumina, deeply stained with ferric hydrate. This, in effect, 
is identical with the natural process, known as laierisaiion, with special 
reference to volcanic rocks, and has clearly been brought about at the 
expense of the augite and magnetite of the compact, flnelv-textured 
basalt that would otherwise have hi^cn formed. 

Occurring several feet from the surface of a newly sunk well-shaft. 
I mile W. by WXW. of the town of Morwara,* this lowermo:3t zone of 
the lava-flow, although of frequent occurrence, is only rarely met with 
in a condition coherent enough to admit of being sliced for microscopical 
examination, except by excavation ; for when laid bare by subaeriai 
denudation or the erosion of rivers and streams, it very rapidly disin- 

* Cf, ut iupra, ' Xarrative Report.’ p, xc. 
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tegrates and crumbles to pieces upon being handled. This specimen 
may therefore now be named a ‘ Laterised Amygdaloidal Olivine- Basalt 
of the Contact-zone/ 

Regd. No. 198. — ‘ Opaque Black Tachylyte \ — -In his admirably 
arranged handbook Dr. Harker, the present President of the Geologi- 
cal Society notes'^ ; — “ The name tachylyte 

Opaque Tachylyte Encrusting a jg commonly employed to cover the 
Lava-flow near Morana. ^ r j 

glassy representatives of both the basalts 

and the pyroxene-andesites, besides other basic glasses richer in alka- 
lies; '' and again, t is of very limited distribution, being 

found commonly as a very thin crust on some lava-flows or a narrow 
selvage to basalt-dykes. It consists of a brown or yellow glass densely 
charged with a separation of magnetite. This is sometimes in globulites 
disseminated through the glass so as to render it almost opaque, or 
collected in cloudy patches (cumulites) ; at other times it forms trichites 
or crystallites of minute size. Perlitic structure is less common than 
in the obsidians. Interesting spherulitic structures are met' with in 
some examples. When distinct phenocrysts occur abundantly in the 
glassy ground-mass, we have what is called the Vitrophyric' structures. 
The basic glass is subject to alteration, probably involving, as a rule; 

hydration and other chemical changes, 
Paiagouite or Altered Volcanic- but the resulting substance, known as 

palagonite, is still an isotropic glass; 
— yellow, brown or sometimes green in sections.'’ 

The sample under consideration was detected forming a thin crust, 
scarcely exceeding one inch, adherent tea fairly fresh zone of compact 
bedded-lava at its contact with an underlying bed of decayed amyg- 
daloidal lava,; situated in the dry channel of the river Wartu, about 
350 yards N. of the village of Mordna. The material was found, to 
resist being reduced into sections thin enough for microscopic examin- 
ation, and remained opaque even at the thinnest edges, so that it could 
only be viewed by reflected light, which revealed faint traces of a poly- 
gonal mosaic, studded with a few small circular sections of a white to 
yeUowish semi-transparent, feebly refringent substance, probably re- 
presenting altered spherulites, and patches of whitish ill-defined forms, 
which are likely fo be the relics of former crystals. 

* * Petrology for Students,’ Fourth Edition, Revised. Cambridge, 1908, p. 210. 

V Op’ cit , p. 207. 

i C/, ut Mupra, ‘ Narrative Report', p. Ixxvii. 



Plate LV. 



Regd. No. 213.— Fig. 57 -Cleaved Compact Basalt. 

Well-sbaft, 500 jards E. of Sisli. 

Resolved by W \tson .and Son*^’ J inch Objective,, 0*34 Numerical Aperture, 

Amplified 50 Diameters. 

somewhat coarser texture than the specimen No. 154, but of essentially similar 
structure. F. — Minute laths of colourless triclinic felspar, — medium 
labradorite. A. — Ag'greg’ated granules of pale brownish-gre} augite, 
wedged in between the felspars. M. — Well-defined small crystals and ir- 
regular grains of opaque black magnetite, plentifully represented through- 
out the field of view. All the mineral units are in a perfectly fresh, 
unaltered condition. A residuum of isotropic colourless to pale brownish 
glass can be detected in interstitial positions. 




Laterite and Bole 


In other parts of the Province, many good examples of tachylytes 
have been met with, both at the contact planes of lava-flows, and 
as selvages to small dykes of basalt ;* and doubtless, diligent 
searching among the bedded-lavas and dykes of the northern-districts 
of Porbandar State, would be rewarded by the discovery of their 
presence in more typical development. 

Other phenomena in connection with the contact-zone of lava 
flows, although they have not been located in Porbandar State, are of 

frequent occurrence among the bedded- 
Indurated Laterite and Bole. lavas of the Province; — notably by the 

formation of thin brick-red bands of 
indurated material, like laterite, and of thicker beds of bolef; — both of 
which are manifestly produced by the passage of a lava-flow over beds 
of previously consolidated lavas, the surfaces of which have been de- 
composed into more or less soil. This basaltic soil, saturated with 
meteoric water and then baked to redness by the heat of overflowing 
molten material, was first observed and described in connection with 
the lava beds of Mount Etna nearly sixty years ago.i 

This naturally leads once more to the somewhat perplexing subject 
of the origin and true nature of the many varieties of laterite found in 

Porbandar State ,of which detailed records 
Lalerltes^SfportlndaV have already been given.§ Thin sections 

under the microscope do not reveal much 
more information than what can be gathered by observation in the 
field, except by demonstrating the precise nature of organic limestones, 
which by their presence in proximity to laterite formations, have become 
so heavily impregnated with ferric hydrate as to be mistaken for the 
laterite itself. These, in the form of a shelly conglomerate, probably 
belonging to the base of the Dwdrka Group of beds, and of what appears 
to be the remains of a deposit of miliolite overlying the shelly conglo- 
merate, are registered as Nos. 246 and 247 on the list of the State Geolo- 
gical Collection, and are prominently exposed by the roadside, 2 miles 
SSW. of Waddla, en route to Tukra. 


* Adye, ‘Memoir on the Economic Geology of Navanagar State,’ Bombay, 1914, 
pp. 98-100 ; Plates XV^XVl. 

t Adye, Op. czL, pp. 55, 87, 88. 

i SiE Chaeles Lyell, Philosophical Transactions oj the Royal Society, London 
1858. p. 711. 

^ Vide lit supra, pp. 25-32 ; and especially p. 41. 
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253. — Approaching the NE. 


laterite. available in large solid 


‘ Tukralite ’ or Laterite with 
Infiltrations of Gaj Limonitic- 
linsestone. 


side of the village of 
blocks, presents quite 
ornamental appearance. 


Regd. No. 

Tukra, the 

a unique and 

manifestly due to the filling up of its 
vesicles, with infiltrations of limonitic- 
limestone derived from Gaj beds which 
were formerl}^ deposited upon the submerged laterite in Miocene times. 

When cut and polished, the surface of this stone presents a mottled 
appearance of deep brick-red patches, bound together by pale to bright 
yellow areas of interstitial matter. Sections cannot he ground thin 
enough to enable the latter to be resolved, under high magnifying powers, 
into infinitesimally minute granules of amorphous limonitic lime, plates 
of calcite and small crystals of dolomite, so characteristic of the micros- 
copic structure of the Gdj limestone deposits but, by reflected light, 
the yellow areas may be clearly seen to be of the character of infiltrated 
matter deposited as concretions around the patches of brick-red laterite 
and collecting in the interspaces, into diminutive concretionary sphere^. 
This specimen, by reason of its ornamental character and probable 
commercial value, has been given the specific name of ‘ Tukralite.' 


Regd. No. 278. — It is well-known that when laterite disin- 
tegrates and is drifted down to lower levels, the clastic particles, have 

a strong tendenc\^ to cohere into solid 
Low-ievei Laterites. structures resembling a conglomerate, which 

moreover catch up and incorporate ad- 
ventitious particles of sandy quartz and other minerals to form the so- 
called low-level laterites. t The specimen under consideration, however, 
does not, as at first sight, appear to conform to this category ; for, upon 
careful examination of thin sections under the microscope, thev show 
evidences of an originally laterised basalt, having undergone subsequent 
internal re-arrangements of its component parts, r.g. : — The segregation 
01 inter:?titial haematite and of a general diffusion of limonite ] while 
the vacuoles are filled with a whitish clay which is liable to lose its silica 

through the percolation of meteoric waters. 
Bauxite or Aluminium-ore. and to accumulate into patches of alu- 

minium hydrate, commercially known under 
the name of bauxite, as one of the best ores of aluminium. 

In No. 278, the aluminium hydrate segregates into concretionary 
* Cf. poska, p. 143, ~ 

t Cf. ‘ Manual of the Geology of India,’ 2iid Edition, Calcutta, 1893, p. 273. 




Fig. 58.- Pindaralite, from the Original Site. 

Quarter-mile S. of Pindara Village. 

Amplified 35 Diameters. 

0. — Pseudomorphs, in mosaics, of colourless recr\ stallised calcile, of various 
org'anic remains, proper to an estuarine-marine habit, under trtirujuil con- 
ditions ot sedimentation. L. — Particles of laterite decomposed into opaque 
bUick, deep brown and reddish patches of oxides and hydrates of iron. 
C, — Microg’ranular matrix of particles of amorphous calcite stained yellow 
with limonite. Under higher powers the matrix ma\' be seen to consist 
of irregular granules and clear crystalline mosaics of calcite, with a few 
minute rhombohedra of dolomite. 


Fig. 59.— Upper Semi-Circle.- Orbitoidal-limestone. 

Two and a half miles S. by SSE. of Pindara. 

Matrix Amplified 240 Diameters. 

From a camera-lucid a sketch hy E. HOWARD AdvE, F. G, S., etc. 

D. -M icro-rhombohedra of colourless,zoned,nucleated and sometimes skeleton crystals 
of dolomite, more or less deeply etched with ruddy-brown hydrate of iron. 
Y. — Irregularly shaped granules of amorphous, — precipitated— calcite, 
stained yellow with limonite. C. — Mosaic of colourless secondary calcite. 


Fig. 59.— Lower Semi-Circle.— Limonitic-limestone. 

Bed of Karipat Vokala, 2 miles NE. of Bhogat. 

Matrix Amplified 150 Diameters. 

Tins specimen is crowded with the remains of micro-organisms. F.— Tests of 
Fvraminijcray [Rolahda'), with loculi, , filled with recrystallised calcite. 
C. — Mosaic of colourless interstitial secondary calcite. Y.— Patches of 
granules of amorphous calcite stained yellow with hydrate of iron. L.— 
Rounded and irregular patches of opaque black or ruddy-brown decom- 
posed laterite. 
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Fig. 59. 
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spheres of practically isotropic matter of. a whitish colour, and gives 

to the rock-mass its character as a ‘ Piso- 
Pisoutic Laterite. litic Laterite.' These spheres, frequently 

as large as peas, usually vary in size from 
about to I inch in diameter, and are freely associated, in the vacuo- 
lated mass, with other irregularly shaped particles many of which, by 
their interference tints, point to their nature as silicates of alumina; 
while a few show signs of basaltic structure by the presence of refringent 
colourless laths of presumably triclinic felspar, so much altered, perhaps by 
pseudomorphosis,that they do not give extinctions between crossed nicols. 

When miliolites or other organic limestones are deposited in the 
neighbourhood of lateritic formations, and are subjected to infiltrations 
through the drift from the laterite, they generally become so thorough- 
ly impregnated as to closely resemble the laterite itself in hand speci- 
mens. Under the microscope, however, their true nature becomes 
instantly apparent ; for the organic structure of the stone,— its frag- 
ments of shells, foraminiferal tests, echinoid spines, etc., and binding 
mosaic of re-crystallised calcite all remain intact; but the ferric hydrate 
from the laterite will be found to have penetrated and been deposited, 
as opaque brick-red matter, into the smallest interstices, invading even 
the loculi of the Foraminifera and the formerly empty spaces of the 
calcified areolar tissues of echinoderms. 

Group n.— Light Lavas, Acid-Volcanics or Rhyolites. 

E xhaustive notes on the rhyolites of Porbandar State ; — their geolo- 
gical age, modes of occurrence, varieties and uses, have already 

been given in these pages ; * but special 
Ligbt’lavas, Acid-Volcanics or . , , 

Rbyolites. reference may once more be directed to the 

differences that subsist between these acid 
volcanic or eruptive rocks and the felsites of hypabyssal origin, f both 
of which have about the same silica percentages. It therefore now remains 
to place on record, a few descriptions of typical varieties of the group. 

Regd. No. 190. — The mode of occurrence of this, the only 
glassy type of rhyolite, — called ‘ Obsidian ’ after Obsidius, who dis- 
covered it, — as the apophysis of a branched 
Coai'biack Obsidian. dyke, is clearly shown, in situ, by the erod- 

ed exposure of a nala, near the village of 
Ndgka, reproduced in these pages from a photograph, as Fig. ii, Plate 


♦ Vid€ ut supra, pp. 32 — 38. 
t Ibidem, p. 37. 

18 
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IX. The vein,— for it is little else —of coal-black volcanic-glass, is per- 
vaded by countless cracks, which render it difficult to obtain even small 
Tices sound enough to survive the process of grinding upon a lapidory 
machine ; but by dint of perseverance, these were secured, and thin 
sections prepared for microscopic examination, from which the 
photomicrographs Fig. 52, Plate L and Fig. 53, Plate LI, were taken. 
The intimate structure of the stone, — which is of no commercial 
importance, but of some scientific interest,— is sufficiently explained 
below the figures on the abovenoted plates. 


Regd. No. 184. — An advance in structure upon the obsidian 
is shown by this specimen of a typical brown-grey rhyolite, which has 

evidently acquired its colour through 
Brown-grey Rhyolite. prolonged sunbaking. The stone occurs 

exposed in form of a broad low dyke, f mile W. by WSW. of Ndgka, 
and exhibits strongly marked traces of flow-structure towards its edges 
even to the naked-eye, by the rough pseudo-lamination of its 
surface. 


Under a magnifying power of about 50 diameters, the field-of-view 
shows a cryptocrystalline matrix, crowded with crystallites and microli- 

tes, more or less sub-parallel and trending 
Crystallites :“Longuiites and direction, — the direction of flow 

of the formerly molten lava. The cry- 
stallites are in the form of longiilites, occasionally resolvable into mar- 
garites ; while the microlites appear to be more highly differentiated 
units of the same sort, but giving indications of their nature as some 
variety of pyroxene, accompanied by separations of granules of mag- 
netite, which are also freely disseminated throughout the structure. 


Between crossed nicols, the cryptocrystalline matrix reveals its 
compound character, as an intimate intergrowth of felspar and quartz ; 
and also shows sundry patches of mosaics of clear, colourless crystals of 
secondary quartz. 

Towards the centre of the dyke, the flow-structure is not quite 
so apparent to the naked eye. The stone shows a columnar structure 

with spheroidal shrinkages, and being 
Special uses of Rhyoutes. easily available in sound blocks of large 

sizes, capable of being readily tooled 
with native implements, might be profitably utilised, as in the United 



Plate LVII. 



Fig. 60.— Orbitoidal Limonitic-Limestone. 

Same Site as Specimen shown by Fig. 59, Lower Semi-Circle. 

Amplified 25 Diameters. 

Deep-ye How, compact but coar.sel} textured Gaj limouitic-limestoue, crowded with 
tlie calcareous tests of: - O. — Orhitf, ides, sp., exhibit a lar^e cei^tral 

chamber, surrounded b\ sub-circular, median and superficial chamberlets. 
L. - Fragments of nullipores or calcareous Alifa\-Li/h<dfia}h ?iiou. G. — 
Matrix ot the stone constituted l^y the fragmentary remains of a vast 
variety of marine organisms, cemented together by colourless mosaics of 
secondary calcite, amorphous calcite in granules stained yellow with 
hydrate of iron, and decomposing particles of laterite as sliown In greater 
detail b> fig. 59, Plate L\d, Lower Semi-circle. T. — Textularia. 
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States of America,* especially as the light and dark browns, fawn-colours 
and greys of the rhyolites would afford a novel and pleasing contrast 
to the sombre hues of the basalts and other basic volcanic rocks now so 
extensively employed ; while the wastage together with the abundant 
angular shingle commonly found on the slopes of the dykes could be 
broken to gauge for road-metal, superior in durability to the sedimentary^ 
rubble now so largely used in the State. 

Regd. No. 186. — This specimen, which was taken from the 
central portion of a high dyke, the edges of which displayed marked 

flow-structure, identical in character with 
HypocrystaUine fitayoute. that described immediately above, may 

be correctly named a ‘ HypocrystaUine 
Rhyolite inasmuch as the mass shows a strong tendency to the for- 
mation of crystals when thin sections are examined under the microscope 
with transmitted light, as shown by Fig. 54, Plate LI I, which is empha- 
sised between crossed nicols. 

The stone, which occurs in large columnar blocks, is sunbaked at the 
surface to a purplish-brown hue ; and, to the naked-eye presents a 
compact, uniformly fine texture ; but there can be no doubt, that when 
blasted, the perfectly fresh material as elsewhere,! would assume a 
good grey tone, and being easily available in large quantities, could be 
profitably utilized for building purposes. 

Incipient crystallisation is indicated by frequent spherulitic forms ; 
while, especially with polarised light, many outlines of felspar crystals 

may be vaguely identified ; — showing 
spbeniuuc Bbyoute. under powers of 100 diameters or more 

an almost ultramicroscopic intergrowth 
with quartz, identical with an excessively fine micropegmatite. Free 
quartz is also sporadically represented by secondary mosaics occup3ing 
interspaces, while slender elongated crystals and spicules of pyroxene 
and numerous grains of magnetite are scattered throughout the field 
of view. The rock, as might be expected from the above optical deter- 
minations, is considerably tougher and stronger than those portions 
which exhibit flow-structure and are of altogether cryptocrystaUine 
structure. 


* Vide ut supra f p. 36. 
t Fostea^ p. 136. 



Economic Geology of Porbandar State 


136 


Regd. No. 180. — By reason of its dominant constituent in the 
form of a subdiolocrystalline structure of micropegmatitic felspar 

crystals, this specimen, from the compact 
Micropegmatitic Rhyolite- central part of the large dyke called 

Parid Dhdr,* may be correctly styled a 
‘ Micropegmatitic Rhyolite.' The exposed stone does not happen, in 
this instance, to have been much affected by atmospheric reactions, 
lor it maintains its fresh grey colour, being merely tinged at places with 
purplish hues due to sunbaking. 

The micropegmatitic character of its small felspar crystals, which 
are probably of the nature of sanidine, can only just barely be discerned 
under a magnifying power of 50 diameters ; but with powers of from 
100 diameters and more, becomes plainly manifest. These crystals, 
however, although forming the main bulk of the stone, are occasionally 
replaced by incipient spherulites, with radiating fibres ; — as shown by 
the reproduction of a photomicrograph, S., Fig. 55, Plate LIIL 

In this section, moreover, the ferromagnesian constituent is clearly 
represented b}" pyroxenes, in the form of abundant, irregularly-shaped, 
tabular, dusky-green crystals of augite, and slender, smaller crystals of 
elongated habit of the same mineral ; while the opaque black magnetite, 
occurs only in infinitesimally small specks and granules, frequently 
decayed to a brown colour, and scattered throughout the field of view. 
Free quartz is very sparingly represented, filling small interstitial spaces 
in the form of clear, colourless mosaics, at irregular intervals. 

Group IIL—Dark, Basic-Volcanics or Dyke-Rocks. 

T OLLOwiNG closel}^ Upon the eruption and consolidation of the dykes 
and lava-flows of rhyolites, and probably heralding the cessation 
of volcanic activity in the Province of Kdt- 
rocks. hiavar, during the Lower Eocene age, 

there are many gigantic basic dykes which 
traverse the countryside, more or less latitudinally for several miles in 
unbroken continuity ; i but it is doubtful whether more than a very 
few of the long low and often underground basic dykes of Porbandar 
State belong to this category. Among these, the Kunwddar-Mdjiwdna- 

* Cf. ut supra, ‘ Narrative Report,’ pp, Ixvii-lxx. 

t Adye, ‘Memoir on the Economic Geology of Navinagar State,’ Bombay, 1914, 
I>. 77. 



Plate LVIII. 



Regd. No. 148.— Fig. 61.— Consolidated Shell-sand. 

Light Variety, E. slope of Bhado Dhar. 

Rcsotii'il hy W \TsON .XXD SoNs’ i inch Objective^ 0*21 Xunicrical Aperture. 

Amplified 30 Diameters. 

C. — Plate of colourless calcite forming a unit of the secondary mosaic. C. — L'alcite 
plate showing twin lamella.*. L. — Irregular patches of translucent brown ; 
probably ferric hydrate derived from the decomposition of clastic frag- 
ments of laterite. F. — Recalcitied tests ot Fiiraminifcra^ — Pcnetopli^ sp.? 
F’. — Recalcitied outline ot test of foraaiinifer , — Rotalia sp.? — M. — Opaque 
black iron-ore, probably separated from laterite. E. — Calcified areolar 
tissue of echinoids. Eh — Echinoid tissue converted into oxide of iron. 
M’. — Acicular flake of colourless muscovite. Q, — Small angular grains of 
quartz. X. — Centre of field-of-view, shown more highly magnified In- 
Fig. 62, 
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Sisli dyke,* may be specially noted as likely to have been extruded from 
a focus in the Barda Group of hills. There are many subsidiary dykes 
however, of dense-black basalt, which run for comparatively short 
distances, and evidently belong to a period of greater antiquity ; — the 
age of fissure eruptions which resulted in the formation of the bedded- 
lavas. 

These dyke-rocks, of whatever age, are of excessively fine texture, and 

generally so closely jointed as to yield small polyhedra, with individual 

spheroidal shrinkages, which can be readily 

Texture and Structure of Basic broken into an angular shingle suitable 
Dyke-*rocl£S> 

for road-metal, at small cost, and only 
inferior in durability to fresh granophyres of the highest grades. Mic- 
roscopically examined they present the intimate structure pictured 
by Fig. 56, Plate LIV and Fig. 57, Plate LV. 

Regd. No. 154. — An excessively fine-textured, densely black 
basalt, which outcrops in form of a 20 feet wide dyke cutting 

through the bedded-lavas, i mile NW. 
Densely Black Basalt of Bakharia. by \VN\V. of the village of Bdkharla. Its 

locality and mode of occurrence have 
already been registered!, so that it now only remains to give a description 
of its microscopic structure, in support of the claim that the stone is 
admirably adapted for use as a superior and long-lasting road-metal 
suitable for macadamising heavy-traffic highways. 

Of uniformly fine texture throughout, and without phenocrysts, 
the mineral units, all in a perfectly fresh condition comprise : — (i). — 
Variously orientated micro-laths of colourless triclinic felspar, — medium 
labradorite, — simply twinned, by reason of their minute dimensions 
which rarely exceed inch in length. (ii). — Wedged in closely 
between the felspar laths, are aggregates of brownish-grey granules 
of augite ; — infinitesimal in size. (iii). — Liberally scattered throughout 
the field-of-view, come diminutive crystals and grains of opaque black 
magnetite, seldom more than inch across. (iv).— With high 
powers and extra thin sections a very little residual isotropic glass can 
be detected. 


* Vide ut supra, ‘ Narrative Report,’ pp. Ixxiii, Ixxv, Ixxxii. 
t Ut supra, ‘ Narrative Report,’ pp. Iv, Ivii. 
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Regd. No. 213. — Forming part of the comparatively narrow 
but far-stretching dyke of compact black basalt, which can be traced 

intermittently aboveground in Porbandai 
The Kunwadar-Majiwana-sisD 3^ f Kunwddar vid M^jiwana to the 

boundary beyond Sisli, — a total distance 
of about yi miles,* this specimen was taken from a section of the dyke, 
exposed by a well-shaft, about 500 yards E. of Sisli, where the rock had 
manifestly undergone such intense lateral pressure, and was forced 
past so many obstacles, as to become closely cleaved and contorted. 
It was therefore expected that the minute structure of the mass would 
be modified ; but upon the examination of thin sections under the mic- 
roscope, no signs of alteration could be detected. 

Figure 57, Plate LV, shows the reproduction from a photomicro- 
graph of the rock, which, from its mode of occurrence, has been named 

a ‘ Cleaved Compact Basalt.’ Of practi- 
nea^r of Dyke dense and uniform texture through- 

out, the absence of phenocrysts points 
not so much to the circumstance of its consolidation entirely during the 
'effusive period,’ as to its rapid cooling near the surface of the earth ; — 
for there are instances where the central portion of a large dyke exhibits 
a distinction into phenocrysts and ground-mass, — the ‘ intratelluric’ 
and ‘effusive’ phenomena of Rosenbusch, — while the rapidly chilled 
edges or contact parietes of the mass show no sign of two generations of 
anv of the mineral units. 


Cleaved Compact Basalt of Dyke 
near Sisli. 


It will be noticed, by comparison of Figs. 5b and 57» that the latter 
is somewhat more coarsely textured than the former ; but that their 
mineral constituents are essentially similar and in an equally fresh or 
unaltered condition. In the sample under consideration, the colourless 
triclinic felspar laths, medium labradorite, — occasionally show poly- 
synthetic twinning and measure from 7?,- to inch in length. The 
aggregated granules of brownish-grey augite are very clearly defined, 
but excessively minute, to inch. The magnetite, in opaque 

black octahedra and irregular grains and compound crystals, range in 
sizes from mere specks up to about ^ inch or a trifle more across ; 
while the colourless or pale brownish-grey interstitial, isotropic, residual 
glass, is clearly discernible. The rock may thus be recommended as 
admirably adapted for the making and maintenance of rural highways. 

Vide ut supra. ‘ Narrative Report,' pp. Ixxiii, Ixxv, ixxxii. 



Regd. No. 148. -Fig. 62.— Consolidated Sheli-sand. 

Light Variety, E. slope of Bhado Dhar. 

by \\ ATsl^N & Sons* ^ mcb Objective, 0*34 ^ uiuetical Apei tme* 

Amplified 50 Diameters. 

C. — Plates of ealcite forming^ units of the secondary mosaic. L. — Irregular patches 
of translucent brown ; probably ferric h\drate derived from the decom- 
position of clastic fragments cflaterite. F.— Recalcified test cf foramini- 
fer, — Peneroplis sp. ? F, - Recalcified outline of test of foraminifer, — 
Rotitliti sp. ? E. Calcified areolar-tissues of echinoids, in E^, replaced 
by opatjue black iron-ore. M. — Opaque black iron-cre probably separat- 
ed from laterite. Q. — Small angular fragment of quartz. X. — Centre of 
field-of-\ lew. 
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PHYLUM D.—SEDIMENTARY ROCKS. 


S EDIMENTARY RocKS, Or rocks derived from the deposition of matter 
held in mechanical suspension or chemical solution in water, 
must be clearly distinguished from kind- 
red formations that have originated sub- 
aerially ; — for both are represented among 
the economic stones of Porbandar State. 


Sedimentary Rocks of Porbandar 
State. 


For the sake of convenience, petrographers have classified sedi- 
mentary or aqueous rocks into four groups ; which, however, are not 

strictly distinct, but gradually pass from 
Accepted ciassificaUon of other :—:(i). — Sandy, arena- 

ceous, or usually coarsely grained detrital 
deposits, (ii). — Clayey, argillaceous or more finely textured detrital 
deposits, (iii). — Calcareous rocks, chiefly composed of carbonate of 
lime, (iv), — Pyroclastic rocks, or rocks of fragmental igneous origin. 

With the exception of certain calcareous and siliceous deposits 

such as travertine, stalagmites and stalactites and siliceous sinters, etc. 

sedimentary rocks are essentially frag- 

ciastic Units and Aiiothigenous mental 01 built Up of clastic or derived 
and Authigenous Constituents of . . . , . . , 

Sedimentary Bocks- units from the weanng-down of previously 

formed rocks, and these are known as 
their aiiothigenous constituents. Subsequent to the accumulation of these 
units derived from a distance, — whether they are of the nature of organic 
remains or not, — the clastic grains are usually more or less cemented 
together by secondary matter, either recrystallised or in an amorphous 
condition, derived from finely divided material deposited along with 
the grains, or from infiltrations, or dissolved emanations from the grains 
themselves. These secondary materials are called the authigenous con- 
stituents of the stonC'Structures. 


In Porbandar State, the merchantable stones of sedimentary origin 
are mainly of the nature of marine deposits, and these are principally 

Merchantable Stones of sedi- ^ mixed character, i.e., partly calcareous 
mentary Origin found in Porbandar and partly arenaceous, with clear evidences 

of pyroclastic additions ; while the argil- 
laceous group is only poorly represented by river mudstones, conglo- 
merates of river-terraces and a few lacustrine mudstones, — notably in the 
bed of the Khambdla Talav, and the potter’s clays found periodically 
deposited by small streams and from ponds and dammed-up reservoirs. 



Economic Geology of Porbandar State ^ 

In dealing with types of economic stones of sedimentary origin, 
it would be both more convenient and useful to follow on the lines of the 
Geological Record or succession of rocks, than to attempt to classify 
the numerous examples according to their chemical composition, or 
physical attributes. The groups of this phylum, will accordingly be 
considered as follows :—(i).— The Gdj Limonitic-limestone or Miocene 
Beds, (ii).— The Dwdrka Beds probably Post-Miocene to Lower 
Pleistocene. 


Group I.— The Gaj Group of Beds. 

U PON THE CESSATION of volcanic activity in the Province in early 
Eocene times, there are evidences to show that a period of violent 
denudation must have supervened ; es- 
The Gaj Group of Beds in pecially throughout the regions of the 
Porbandar state. southern, south-western and western 

coastal borderlands of the peninsula. It was doubtless at this juncture 
that extremes of solar heat alternating with such downpours of rain as 
had never before nor since been experienced hereabouts, combined 
to cause those superficial metasomatic changes in the then exposed 
bedded-lavas of the coastal borderland, which resulted in the formation 
of the lateritc ridges and areas ;* — now such a conspicuous feature of 
the countryside. 

By the time that a gradual subsidence of the coastal borderland 
took place in the Miocene Period, (equivalent with the Gij Group of 
Sindf), the deposits of detrital matter, mainly of a calcareous character 
would naturally become more or less heavily mixed with particles of 
laterite and indued with hydrate of iron ; — hence the prevailing yellow- 
colour of the GA] Group of limoni tic-limes tones and conglomerates. 

The basement beds of the Gdj Group, being constituted mainly 
by littoral and occasionally by deeper sea deposits, present a series of 

both compact and loosely textured conglo- 

Basement Beds of the Gaj Group ^nerates and occasional coral reefs, which 

in Porbandar State. ’ 

are fairly well represented in Porbandar 
State. The conglomerates are, as a rule, exceptionally rich in fossil 
remains ; and although of no commercial value in the stone markets, 
are nevertheless well worthy of the attention of palaeontologists and 
collectors of museum specimens, which sometimes realise ‘ fancy prices.' 


♦ Cf. ut supra, p. 41 . 

I So-called after the bods exposed by the banks of the river in Sind. See 
Memoirs, Geol. Survey, India, 1879, xvii, p. 53. 




Regd. No. 148.— Fig. 63.— Consolidated Shell-sand. 

Dark Variety, £. slope of Bhado Dhar. 

I\!t’Soived by \V.\tson & SON^’ i inch Objective^ 0*21 Xunierical Aperture^ 

Amplified 30 Diameters. 

S. — Elongated rounded chips of shells of Molliisca^ showing traces of histological 
structure. M', —Elongated rounded chips of shells of Molliisca^ thorough- 
ly recalcified. M. — Cementing mosaic of colourless secondary calcite. 
F. — Complete test, recalcified of a foraminifer, — Rotalia. E. — Calcified 
areolar tissues of echinoids in rounded patches, indued with deep brown 
to black, probably derived from decomposed laterite. C. — Interstitial 
patches of colourless calcite showing cleavages and twin lamellae. Q. — 
Grains, angular, but sometimes slightly rounded, of clear colourless 
quartz. 



Gaj Fossil Remains 


Fossiliferous Gaj Limestone near 
Visawara. 


Good Localities for Gaj Fossils in Good localities for Gdj fossils, have been 
Porbandar Stale. carefully recorded as follows : — 

Regd. No. 104. — Underlying the finely-textured Gdj limonitic 

limestone of the pinddralite-type, at a depth of about 20 feet from the 

surface of a new well-shaft, on the N. side of the Dwdrkadish Gardens, 

within the Bokhira limit near Porbandar City. The rubbly stone piled 

up in heaps by the well-sides, when weathered, can be seen to be closely. 

crowded with both casts and true fossils of a very varied description, 

chiefly of the shells of Mollitsca, echinoderm spines and tests, fragments. 

of Polyzoa, corals and a host of other marine Miocene organic remains. 

Under the microscope, especially in the 

Microscopic Fossil-remains found more finelv-textured strata overlying the 
in the Gaj beds. “ j a 

conglomerate, many well-preserved tests of 
Foraminifera of littoral and deeper-sea habit may be identified ; — chiefly 
species of Orhitoides, Miliolina and Textiilaria ; with numerous fragments 
of calcareous Algcs , — Lithothamnim, — popularly known as nullipores.* 

Regd. No. 280. — From a well-shaft situated miles NW. of 
Visdwdra, and outcropping for several yards around, large numbers 

r ^ fossil casts of the shells of molluscs are 

Fossiliferous Gaj Limestone near . . aic 

visawara* weathered out periodically and may be 

found thickly strewed upon the surface 
of the ground ; while by diligent searching fragments of echinoderms 
and corals may also be identified, clearly belonging to the basement 
beds of the Gdj limoni tic-limestone. | 

Regd. No. 323.— Immediately underlying, a thick bed of 
shelly flagstones, a rubbly deposit of Gaj hmonitic-limestone, exposed 
^ .. by erosion, occurs towards the NW 

edge ol the talav^ or dammed up stream 
reservoir, about 200 yards distant from 
t e village of Smnagar, from which many fossils were gathered, including 
the internal cast of a shell of Strombus gigas.X 

Regd. No. 349._From an abandoned well-shaft, 1 mile N. 
by NNE. of Renfiwdra, a very finely weathered-out museum specimen, 

crowded with well-preserved fossils and 
Gaj Fossils near Renawara. Casts of marine Miocene Molkisca was 

secured; and the neighbourhood appears 
to b e prolific not only in fossilif erous rocks of the Gaj Group, but in tha 

* Cf, ut. O'upro, ‘ Narrative Report,' pp. xxxvi. xxxvij. 
t Ut supra, ‘ Narrative Report,’ p. civ 
t Cf. ut supra. ‘ Narrative Report,’ pp. cxvi, exxi. 


Gaj Fossils near Sirinagar 



142 


Economic Geology of Porbandar State 


more finely textured beds of the Pindaralite-type which can be turned 
to profitable account as ornamental stones.* * * § 

Regd. No. 151. — A remarkable outcrop, eroded by the channel 
of the Alaswdna Vokala, J mile S. of Bharwara, discloses the Gaj 

limonitic-limestone, densely crowded with 

styiophora Coral-zone in the ^he branched stalks of the madreporarian 
Gaj Limestone near Bharwara. 7 . r -i 1 

coral Styiophora 1 with a few single corah, 
occasional valves of Venus cancellata of the rotund variety and a speci- 
men of Tiirritella vittata.X 

In addition to the microscopic f()rm5 of life, — the fossil remains of 
which have not }et been thoroughly investigated, — the following well 
r -I « * authenticated list of Tertiary (Miocene), 

Porbandar State named and fossils have already been discovered 111 
classified. Group of beds of limoniticdimc' 

stones and conglomerates of Porbandar State : — 

^Alg.e. — hragments, usually rounded of various nullipores ; — Lilho- 
thaninion. 


CcELENTERATA.— Coralla and fragments of the madrepores — 
Cladocora sp., Pachyscris ynurchisoni, Styiophora sp., and Trochocyathus 
sp. 

Mollusca. — Class Lamhllibranchiata. — Shells or casts of > 
Asiarte hyderabadensis, Cardhim triforme ^ Ciicida trigonalis, Cyprina s]l 
Dosinia pseiidoargus, Ostrea rnulticostata, Pecten houei, Pecten favrei, 
Pectuncidiis pecten, Placnna sp., Pullastra virgata, Spondylus rouaulii, 
Tcllina siih-donacialis, Venus non-scripta and Venus cancellata. Class 
Gastropoda. — Cassis sp., Ccrithimn rude, CyprcBa hnmerosa, Cyprcea 
nasiita, Natica callosa, Natica sp., Pkasianella oweni, Stromhus gigas, 
Trochiis cognatus, Trochiis cumidans, Trochus loryi, Tiirritella sub- 
fasciata, Tiirritella angulat a Volitta edwardsi. Class Cephalopoda. 

— Internal shell of Sepia sp., fragment of Naniilus sp. 

POLYZO.v. — Small fragments of the ectocysts of undetermined 
genera and species, observed in thin sections under the microscope. 

Echinodermata. — Entire tests, spines and fragments of calcified 
areolar tissues of: — Breynia carinata and Brissopsis sp., § Cidaris depressa 


* CJ. ut fiupra, " Narrative Report,' pp. cxxiv, oxxvi. 

t Of. ut supra, ' Narrative Report/ pp liv, Ivii ; p. 62. 

t Feddex, Memoirs, Oeol India, (’alcntta, 1884, Vol. xxi. Part 2, p. 46. 

§ Duxx’AXand Sl.\den. PaUcontolorjia Indlca, Series xiv, Vol I, Part 4, pp. 80-91. 



Plate LXI. 



Regd. No. 148.— Fig. 64-— Consolidated Shell sand. 

From another part of the same Preparation, shown by Fig. 63. 

bv Watsox & Sons' i Objcctii'Cy o'ji \ unicriral Apcriun', 

Amplified 30 Diameters. 

S.— Hlong-ated chips ot shells o^ Mi>ili{sca, many ot them rounded and showing- trat.es 
of histological structure. M\— Klongated chips ot shells of Mnllusca, 
thoroughly recalcified. E, — Calcified areolar tissues ot echinoids, heavily 
impregnated with deep brown h}drate of iron probably derived from de- 
composed laterite. E'. — Traverse section of spine of an echinoiil. F.-- 
Cliambers ot a rotalitorni toraminiter, filled with deep brown ferric hydrate 
from decayed laterite. C. — Colourless calcite snowing cleavages and twin 
lamellae. M.— Fine interstitial mosaic of colourless calcite. Q. — Ouartz, 
colourless and partially rounded. 




PlNDAR.\LITE 


H3 


Cidaris granulata, Clypeaster depresstts, Echinaster sp., Eiispatangu 
patellaris, Schizaster granti, Temnechinus affinis, Temnechinus costaUts, 
Temnechimis ronsseani and TemnechivAis tuber culosus, 

Arthropoda. — Fragments of the carapace and chela of a crab. 

In illustration of the microscopic structure of the Gaj limonitic- 
limestones of Porbandar State, it may be noted that the conglomerates 

bearing the large recognisable fossils enu- 
Pindaraute and Orbitoidai Lime* aerated above, also hold many minute 

remains which cannot be seen by the 
naked-eye. These, however, are more abundantly represented in special 
interbedded zones, of finer texture, some of which are almost ultramic- 
roscopic, save for the organic remains which they have preserved. Of 
such, the variety named ‘Pindaralite by the writer, and the 
coarser stones, crowded with characteristic tests of For ami nif era, desi- 
gnated ‘Orbit oidal-limestones,' claim prior attention in this place. 

Pindfiralite has a widespread distribution in Porbandar State, 
but its outcrops are not sufficiently well developed to yield large blocks 
of ornamental stone on a commercial scale. The principal localities for 
these have been registered under Nos, 103, 149, and 309I. From the 
occurrence underground of a tolerably thick bed of the stone, however, 
it is but reasonable to expect, that more or less deep-seated beds 
capable of yielding blocks of sufficiently large dimensions, and in 
quantities to meet all market demands, exist throughout the extensive 
area, in the neighbourhood and beneath the City of Porbandar itself, 
which is now covered deeply by the raised- beach, — Dwirka, — beds of 
consolidated shell-sands. 


The microscopic structure of Pindaralite, is best shown by samples 
from the original locality, mile S. of the village of Pindara in Ndvfina- 

gar State, here illustrated by Figs. 58 

Microscopic Structure of Pin- LVI, with explanatory text, 

darahte. r i ^ 

In somewhat coarser-textured samples, 
the matrix of the stone may be seen under varying powers of the micros- 
cope to be composed of the calcareous remains of several forms of plant 


* Adye, ‘ Memoir on the Economic Geology of Navanagar State/ Bombay, 191 4-. 
p. 177. 

t Vide ut supra, ‘Narrative Report,’ pp. xxxvi,xxxvii,liii,lvii,cxand cxii ;aIso p. lb. 



144 


Economic Geology of Porbandar State 


and animal life, peculiar to the littoral of the sea. These are chiefly 
present in a fragmentary condition, but many of them occasionally 
happen to be preserved in a fairly perfect state as shown by Fig. 6o 
Plate LVIL 

Among the organisms so preserved, the occurrence of numerous 
examples of the delicately beautiful discoidal tests of the foraminifer 
Ovhitoides, which belongs to the family Nunmiulinidce, entitles the stone 
to be called an ‘ Orbitoidal Limonitic-limestone and, according to 
Dr. G. J. Hinde, f.r.s.,* it includes the species 0 . dispansa and O. 
ephippium, which were discovered in the Gdj -limestones of Sind. Frag- 
ments of nullipores or calcareous Algce of the genus LitJiothamnion are 
also abundantly represented, together with entire tests of other Fora- 
minifer a , comminuted shells of molluscs, the spines and other calcified 
areolar tissues of echinoids, the ectocysts of Polyzoa, bits of corals, 
fragments of Crustacea, and adventitious detrital matter chiefly of the 
nature of detached pieces of decomposing laterite, all of which are 
closely cemented together by secondary calcite in colourless mosaics and 
diminutive irregular granules stained yellow with ferric hydrate. 

Metasomatic changes moreover, have evidently been active during 
and after sedimentation ; for, with magnifying powers of about loo 

diameters or more, the cementing matrix 
Limes^onrs^^'^ changes m the Gaj have developed microscopic 

rhombohedra of dolomite, sometimes in 
such abundance, that the rock can be said to have been dolomiiised. 

Dolomitisation of the calcite in limestones consists essentially 
in the replacement of half of its lime by magnesia ; but that the resulting 

dolomite is not isomorphous with calcite 
Dolomitisation. is proved by their differences in specific 

gravity, — that of the former 2.872, being 
greater than that, 2.S43, of an isomorphous admixture of calcite and 
magnesite in equal molecular proportions.! An appreciable contraction 
is thereby caused by the union of the two carbonates, which is often 
strikingly apparent in large masses of dolomite, — presumed to have 
previously existed as limestones, — by their cavernous, fissured 
structure.! . 

* 111 a private communication from the late A. J. Jukes- Browne, f.r.s., January, 
1012. 

t Cf. Sm Henry A. Miers, ‘Mineralogy.’ London, 1902, pp. 241, 401, 402. 

t Sir A. Geikie. ‘ Text-book of Geology \ 4th Edition, London, 1903, p. 426. 



Plate LXII. 



Regd- No. 429. —Fig. 65.— Consolidated Shell-sand. 

100 yards WSW. of Tunkra, Along Bedding. 

by \\ ATSON & Sons’ inch Objective^ o' 17 Xmnerical Aperture. 

Amplified 15 Diameters. 

S. — Elong'ated chips of lamellibranchiate shells, showing clear traces of histological 
structure. G. — Well-rouruled clastic units of Gaj limonitic-limestone. G^— 
Well-rounded clastic units from arenaceous beds of upper strata of 
(iaj limonitic-Iimestore. F. — Tests of Foraniinifera, the upper complete 
ore is rotaliform \-'Rntalia sp. O. — Rounded grains of colourless quartz. 
C. — Subordinate mosaics of cle<ir, colourless talcite. C. — Matrix of 
colourless fibrous calcite. E. — Empty spaces. 




Lemberg’s' Microchemical Tests 


45 


Under the microscope, it is sometimes difficult to distinguish bet- 
ween calcite and dolomite ; but, as a rule, it may be noted that the clea- 
vage traces of the former, coupled with its indications of twin lamel- 
lation, ought to suffice to separate it from the minute primary rhombo- 
hedra of dolomite, which moreover commonly show twinning by hemi- 
tropy about the vertical axis of symmetry ; — the two twinned 
rhombohedra interpenetrating.* 

Much more dehcate and satisfactory however, are the micro- 
chemical tests applied by J. LE:MBERG,t to distinguish dolomite from 

calcite and from the brucite, — hydrate 
Lemberg’s MicrMhemicai Tests rnagnesium, — contained in the ‘ predaz- 

zite ’ of the Tirol. These tests may be 
either powders or thin sections under optical observation as 
follows : — (i). — Advantage is taken of the fact that calcite precipitates 
ferric hydrate from a solution of ferric chloride much more rapidly than 
does dolomite. Lemberg, therefore, directs that one part of the crys- 
talhsed chloride should be dissolved in ten parts of water and filtered. 
This filtrate should be allowed to react on the sample to be tested for a 
few seconds only (always less than one minute), and immediately 
decanted. Calcite becomes coated with a film of ferric hydrate ; while on 
dolomite the solution has but slight effect. By subsequent treatment 
with ammonium sulphide, the film of ferric hydrate is converted into 
black sulphide on calcite, but only shows a pale green on the grains of 
dolomite ; while brucite takes on a slightly stronger colour than the 
dolomite. If the three minerals are heated slightly after treatment 
with (N S, and AgNO solution, the brucite becomes black, the 

calcite turns brown, but the dolomite remains colourless, (ii). — Prepare 
a solution of four parts of aluminium chloride in sixty parts of distilled 
water, add six parts of logwood, and heat for twenty-five minutes with 
stirring. Treat samples with the solution for from five to ten minutes. 
Calcite will be stained violet, while dolomite and brucite remain but 
slightly affected. 

Regd. No. 150. — Of more than usual interest by reason of 


* Dr. a. Harkeb, ‘ Petrologj* for Students 4th Edition, Cambridge, 1908, p. 271. 

t Zeits, d. d, deufsck . Gcol GfsdUch., xxxix, 1887, p. 480 ; xl , 1888, p. 37.5; Abstracts 
in Min-^Iag.y \ol, viii, 1880, p 166, and Adye'.s ‘Atlas of Microscopical Petrojiraphv.’ 
London, 190G, p. 64. 
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its fresh cinnamon colour, sound and compact texture, and occurrence 

in blocks and slabs of large dimensions 

Bharwaralite :~New name for ^ 

an Ornamental Variety of Gal Suitable for Ornamental stonc-work, this 

Limonitic’iimestone. Specimen being practically unique of its 

kind among the Gdj limonitic-limestones of the State, has, — in anticipa- 
tion of its being sooner or later turned to commercial account, — ^been 
deemed worthy of the distinctive name Bhdrdjdralite, from its typical 
development, i J miles SW. of the village of Bh^rvt^ara and about 6| miles 
distant from the sea-shore.* 

Although comparable in essential respects with the Pinddralite des- 
cribed above!, the stone presents peculiarities in its intimate structure, 

which serve to separate it from other 
waiXr'**'*' ®**”*‘' deposits of the Gaj group of beds, as 

hereunder detailed : — It resembles Pin- 
da raiite by being built up from the remains of a varied assortment of 
marine Miocene organisms, cemented together by secondary calcite, 
and heavily indued with the ferric hydrate stain of decomposed lateri- 
te ; — but there the resemblance ends. Instead of well-preserved 
organic remains, the latter, including the minute tests of Foraminifera, 
are more or less shattered, but not beyond recognition ; while small 
fragments of astraean and arborescent corallites predominate to indicate 
the existence of a fringing coral-reef. Many tests of Foraminifera, seldom 
entire, as already stated, come next in abundance, while spines and cal- 
cified tissues of echinoderms, the ectocysts of Polyzoa, and a few com- 
minuted recalcified shells of molluscs and crustaceans are also repre- 
sented. Nullipores occur but sparingly, and angular grains of quartz 
are rare. The whole of these are compactly entombed in a very strongly 
developed mosaic of secondary calcite, which is much obscured by the 
infinitesimally minute specks of decomposed laterite. — ferric hydrate, — 
which doubtless endows the rock-mass with its characteristic colour 
and comparatively hardness. Dolomite cannot be detected. 

On the 25th July, 1916, a special excursion was taken to Khari 
Khan near Khimeshwar Temple on the sea-shore near Kunchri, for the 

purpose of securing a picture of the 
excavations to show the formation of 
Recent sub-aerial accumulations beneath 
the sand-dunes there situated, and advantage was taken of the oppor- 

♦ Vide ut supra, ‘Narrative Report pp liii, Ivii. also p. 42 

t Ul supra, p. 143. 
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Regd. No. 429. -Fig. 66. Consolidated Shell-sand. 

A Portion of Fig. 65, more highly Magnified. Along Bedding. 

I\cs<>lved hy \V.\TsON & Sons’ i}trh Object ivcy o'34 Xunicric at Aperture, 

Amplified 50 Diameters. 

F. — Part of the test of a rotaliform foraminifer , — Rotalia sp. — , showitiij, I, radiatitiii’ 
interseptal canals, «ind chambers only partially lilled ^\it}l a fine mosaic of 
secondary calcite, C, — Subordinate colourless calcite of matrix in 
mosaics. CL - f'ibrous colourless calcite of matrix. G. — Part of a well- 
rounded clastic unit of Gaj hmonitic-limestone. GL — Parts of well-rounded 
clastic units from arenaceous beds of upper strata of Gaj limonitic-lime- 
stone. 
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t unity, by the way, to add the following specimens to the State 
Geological Collection : — 


Date. 

Regis- 

tered 

No. 

( 

Provisional Name. 

Locality and Remarks. 

25-7-16 1 

559 1 

From Fossil- zone underlying Pin- 
ddralite No. 103. 

Well-shaft just outside Dwarka - 
dish Wari, Bokhira. 

25-7-16 

; 560 

Recent Shells of Oysters, inc rust- 
ing rocks of shore. 

Strand of Meda Creek, Miini. 
Not registered on 29-12-15. 

25-7-16 1 

1 

561 

Sub- recent Consolidated Shell 
sand of Raised-beach 

Khari Khan. Top layers of No. 
339. 

25-7-16 

562 

Arenaceous Interbedded Gaj 
Limestone . 

20 feet from top of well-shaft. 
Underlying No. 346. 


Regd. No. 562. — Beneath the deposits of Degam Stone, hard 
by the quarry-sites on the W. side of the village of Degdm, the 

well-shafts show a considerable thickness of 
Gaj Arenaceous-limestone. richly fossiliferous conglomerate of the 

Dwdrka Group of beds, which in their turn 
overlie the Gdj (Miocene) strata; while interbedded among the 
latter there are a few thin layers of a hard and very arenaceous limestone 
of a pale grey colour and fine, uniform texture, from which the speci- 
men now under consideration w^as taken. 

Under the microscope, thin sections show a thoroughly recrystallised 
matrix of colourless caleite in mosaics of about inch across. 
In this are imbedded: — (i).— Numerous angular grains of colourless 
quartz, from to inch, or so in size. (ii). — Many frayed laths of 
colourless muscovite, from to ^ inch long by about ^ inch 
v.ide. (iii). — The blurred outlines of a goodly number of fragments 
of spines and other calcified areolar tissues of Echinoidea about — 
inch across, (iv). — Occasional traces of the remains of entire tests 
and portions of Foramimfera.—Rotalia, Miliolina,—nea.rly inch in 
diameter, (v).— A very few irregularly shaped bits of the ectocysts of 
Polyzoa, also nearly inch across, (vi). — Stray grains of opaque, 
black magnetite, from mere specks up to inch in dimensions. 
Clastic units of this stone occur frequently in the consolidated shell- 
sands of the Dwarka Group of beds. 
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Regd. No. 313. — Whatever may have been the origin of the 

yellow-ochro of commerce, from which the much esteemed pigment 

technically termed ‘ light-red/ is manu- 

Yeiiow'ochre and the ‘ Light red’ factured after due calcination, it is at least 
of Commerce. • , 7 i i -7 

certain that the deposits of crude material 

found in Porbandar State, are indirectly due to the decomposition of 

laterite. 


It has already been pointed out that the prevailing yellow colour 
of the Gdj limoniticdimestones can be distinctly traced to the breaking 
down of the neighbouring or underlying late ri tic material, which becomes 
not only incorporated, but operates principally by staining the limestone 
more or less heavily with ferric hydrate. When this limonitic-limestone is 
exposed by denudation and reacted upon by meteoric waters, it naturally 
disintegrates into subsoil and soil, and, under favourable circumstances, 
among which prolonged aqueous saturation appears to be an important 
if not essential factor, changes gradually into a plastic condition, which 
upon becoming dry by seasonal changes yields the soft and easily pul- 
\ erisable substance known as the yellow-ochre of commerce. 

Only a couple of localities have, up to the present, been found in 
Porbandar State, where this kind of yellow-ochre is available ; — the one 


Yellow-ochre sites near Sakhpur 
and Palakra. 


registered as No. 270,* in the neighbour- 
hood of the Hathidni Temple, J mile 
ESE. of the small village of Sakhpur, and 


the other far more important site, lying approximately i mile E. by 


ESE. of Pdlakra,! and cited above as No. 313. 


Under magnifying powers of 100 diameters or more, thin sections 


or powders mounted in canada-balsam shows that the material is mainly 

composed of excessively minute irregular 
Ye“hre granules of calcite more or less heavily 

stained with yellow hydrate of iron. The 
granules between crossed nicols exhibit only faint interference-tints — 
iridescent greens and pinks of a high order ; but there are no indications 
of dolomitisation, and the rock is sometimes streaked or veined with a 
trifle of opaque-black iron-oxide. Even when tolerably compact the 
material admits of being crushed inti3 an impalpable powder, and the 
dissociated granules of pigmented calcite can then be more readily 
measured under the microscope to show that they seldom exceed ^ 
inch across. 


* Vide ut sxipra. ' Narrative Report \ pp. xcviii, ci. 
t Vide ut 8upra, ‘ Narrative Report pp. cxiii-cxv ; also p. 42. 




Begd. No. 429.— Fig. 67. Consolidated Shell-sand. 

100 yards WSW. of Tunkra, Across Bedding. 

Rcsoli'cd hv Watson &. Sons’ lurh Objective, o’l; Xunierital Aperlun\ 

Amplified 15 Diameters. 

S. — Elong'atod chips ot lameliibratichiale shells, showing clear traces of histologic.i 
structure. S'. — Longitudinal median section through shell of small 
gastropod. G. — Well-roimded clastic units of Gaj limonitic-limestone. 

— Well-rounded clastic units from arenaceous beds of upper strata of 
Ciaj limonitic-limestone. F. - lests of rotaliform horainmijera* F, 
Tangential section of foraminifer,— sp. L. — Rounded fragment 
of nullipore, Lithothamnion sp. Q.— Minute grains of colourless quartz. 
E, — Empty spaces. C. --Colourless mosaics of secondary calcite. C'.-- 
Kibrous secondary calcite of cementing matrix. 
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Group n.— The Dwarka Group of Beds. 

T hese deposits which have not yet been fully investigated, were so 
named by Fedden* on account of their best and most t5^ical 
development in the Gaekwari Taluka of 
Tije Dwarka Group of Beds in Qkhamandal, which constitutes the extreme 

Porbandar state. n ■ 

north-western promontory of the Province 
of K^thidwar, and of which the sea-port town of Dwarka is the capital. 

Although the lithological characters of the Dwdrka Group of beds 

are very varied, and in spite of the absence of any clearly determinable 

fossils therein which correspond with those 

Conformity of the Gaj and underlying Gdi Group, their relations 

Dwarka Groups of Beds. j g j r» 

are ' probably one of conformity ;’t and the 
age of their lower strata is therefore assigned to the Higher Tertiary ; 
while Fedden further observes, that, though the total thickness is 
inconsiderable, it may be possible eventually to divide the beds into 
sub-groups, or to mark off some of the later deposits as Pleistocene.'' j 
These later deposits, there is every reason to believe, are extensively 
developed in Porbandar State ; and, under the names of * Kunchri ' and 
' Degam-stone, '§ furnish an important share of locally used building- 
materials. 

For the sake of simplicity the Dwarka Group of beds, as they occur 
in Porbandar State, may be divided into two main sub-groups ; — the 

first comprising many varieties of structure. 
Sub-groups of the Dwarka Beds agreeing in being more coarsely tex- 

tured and of showing evidences of having 
been deposited directly upon the underlying beds of Gaj limonitic lime- 
stone, upon the beach and shallows of the littoral zone ; while the second 
sub-group, of finer texture, was manifestly deposited in deeper waters, 
and probably at an early period of the Pleistocene age. Other distinc- 
tions are, that the first sub-group presents a variety of textures and 
colours, — from exceedingly coarse to tolerably fine, — in shades of grey 
brown and sometimes quite black, and being composed principally 
of the comminuted shells of molluscs augmented by the remains of or- 
ganisms of shallow-littoral habit, fragments of Gdj limonitic-limestone 

♦ “ Memoirs, Geol. Survey of India,” Calcutta, 1884, Vbl. xxi. Part 2, p. 51. 
t ** Manual of the Geology of India,” 2nd Edition, Calcutta, 1893, p- 324. 

J Loco. citaiOy p. 51. 

§ Vide ut supra, ‘ Narrative report,’ pp. cxvii, cxviii, exx, cxxii ; also pp, 43, 44 
and postea p. 150. 

*9 
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and quartz grains, may be classified together as Consolidated Shell- 

sands,' of Phocene age. These occur 
coQsoUdated siieiFsands of principally in the form of raised-beaches 
Pliocene Age. ^ along the coastal borderland of the 

State, and extend inland for variable distances, — 6 to 9 miles, — being 
especially in evidence to the south of Porbandar City, in the form of a 
range of low hills, and underlying the sand and mud of the Great Salt 
Marsh. Modifications are also met with, which may be included in this 
sub-group, in the form of ‘ Coral-rock manifestly, the petrified relics 
of contemporary reefs.* 


‘ Kunchri ' and * Degdm ' stones, already alluded to, represent the 
second sub-group. They are essentially foraminiferal Hmes tones of much 

Kunchri and Degam Foramini- texture, that have evidently been 

erai Limestones of Early Pieisto- deposited in the deeper waters of the 
cene Age. marine httoral, and cannot be distinguished, 

under the microscope alone, from the miliolites of later date ; but their 
mode of occurrence in the field, directly overlying the strata of the 
lower Dwdrka sub-group, serves to instantly separate them from the 
miliolites ; while they also present a marked difference in geological 
structure, being mainly of the nature of flagstones, composed of laminae, 
of from J to I inch or more in thickness, of alternately coarse and fine 
texture. The coarsely textured laminae, moreover, are generally indued 
with the rusty-coloured stains of iron, so that the rock exhibits a banded 
appearance and is liable to split asunder hke a shale. Nevertheless, 
large blocks of from 9 to 12 inches in thickness, especially from the Degdm 
sites, are generally available for building purposes, and much used for 
the foundations of dwelling-houses in Porbandar City ; for it has been 
found that when laid horizontally, the stone is capable of withstanding 
enormous crushing strain. 

In confirmation of the observations recorded above, a few optical 
determinations of typical examples may now be given as follows : — 

Regd. No. 5- Taken from a large block of medium textured 
Consolidated Shell-sand, at high-tide mark, forming breakers on the 

ConsoUdatcd Shell-sand ‘ Break- t>each, below the purliens of the Rana 
ers* on the Shore near the Hana Saheb's Palace, SE. of Porbandar City. 
Saheb s Palace. dominant constituent of this compact 

greyish stone, is exhibited by elongated, somewhat rounded fragments 

♦ Vide ur supra, ‘ Narrative Report pp. xcvi, xevii, c, ci, cxl, cxli and 43. 



Plate LXV. 



Regd. No. 429.— Fig. 68.— Consolidated Shell-sand. 

From another portion of the same preparation,— Fig. 67. 

Resolved by VV.\TsON & Sons’ ^ ifich Objeclive, ^^pt'eture. 

Amplified 50 Diameters. 

To show the intimate structure of the cementing- fibrous, secondary calcite, C , more 
clearly. The spaces, E, not being completely filled by opposing fibres 
from, C'f their terminals crystallise out in mosaics. S. — Elongated sec- 
tions of the shells of lamellibranchs, showing clear traces of histological 
structure, G. — Well rounded clastic units of Gaj limonitic-limestone. 
G'.^Clastic unit of arenaceous Gaj limonitic limestone, evidently from the 
upper strata of the group of beds. L. — Rounded fragment of nullipore, — 
Lithothamnion sp. F. — Tangential sections of tests of rotaliform Fora- 
minifera.—'Rotalia sp. E.— Empty spaces. 
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of the shells of molluscs, the majority of which show histological structure 
with great clearness. Next in abundance, there are many well-rounded 
unmistakable small pebbles of Gdj limonitic-limestone, conspicuous 
by their yeUow to brownish colours, fossil contents and general intimate 
structure.* These vary in sizes from about ^ to inch across. The 
tests of Foraminifera are fairly well represented, while there are also 
recognisable rounded fragments of corals, spines and tissues of echinoids, 
and the ectocysts of Polyzoa. A few angular grains of quartz, from 
^ to ^ inch, and stray pieces of colourless augite (diopside) may 
also be detected between crossed nicols. All of these clastic particles are 
cemented together mainly by secondary calcite in fine fibres radiating 
from them, but not always fiUing up the interspaces ; while sundry 
portions are bound together by mosaics of the same mineral. 

Regd. No. 14. — On the W. bank of the city creek spanned 
by the bridge of the road to Ran^wdo from Porbandar, at the site shown 

by Fig. 6, Plate V, there is a good exposure 

consoUdated Shell-sand on the of beds of DwArka consolidated shell- 
W. Bank of the City Creek, For- i r , . ^ , 

bandar. sand, shown resting upon strata of Gaj 

iimonitic limestone. The specimen under 
consideration, was taken from flaggy beds, overlying a coarser con- 
glomeratic stratum, and is of coarser texture than No, 5, just described, 
as well as more thoroughly recrystallised and otherwise altered. The 
dominant elongated fragments of mollusc-shells, only occasionally show 
histological structure, their tissues having been for the most part, 
replaced by irregular plates of colourless calcite. It is clear that 
many of these chips of shells, must have been composed oi* the less 
stable form of carbonate of lime called aragonite ; for as Harker 
observes,! the process of recrystaUisation has resulted in the develop- 
ment of a rather coarser mosaic within the shell-fragments, than that 
of the external binding matrix of secondary calcite ; while a thin film 

of impurities is pushed outward to mark 

Microscopic Structure of the the original outlines of the chin These 
ConsoUdated Shell-sand from the « r ^ 

orhandar City Creek. chips frequently measure — by ~jo inch 

in size. 

Many well-rounded small pebbles of yellow Gdj limestone often 
i inch in diameter are conspicuous ; while pieces of Lithothamnion, 

* Vide ut supra, p. 143, 

! ‘ Petrology for Students Cambridge, 1908, p. 262, 
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F oraminifera, 
4“ inch ; and 


to inch across ; entire tests and broken bits of 
^ inch or less ; angular grains of clear quartz, to _ 
portions of the hard tissues of Polyzoa and Echinoidea are also present. 
The entire fabric is strongly recalcified; its cementing matrix being 
composed of a fine mosaic of clear, colourless calcite, which, however, 
leaves a few small interspaces every here and there. 

Regd. No. 148. — This specimen, presumably belonging to 
the lower sub-group of the Dwdrka beds, was taken from the slopes 

of a low hillock called Bh^do Dhdr, ij 
Consolidated Shell-sands of xniles SW. by SSW. of Bhdrwdra, resting 
BhadoDhar. upon the laterite at its SE., and overlap- 

ing a bed of Pindaralite of the Gdj Group at its NE. end.* It is peculiar 
in showing beds of light and dark hues varying from light and dark 
greys to purplish-brown and almost black colours, and coarse as well as 
fine textures. There can be no doubt that the unusual colours of the 
stone are due to ferric hydrate derived from the subjacent laterite ; 
a somewhat similar effect, from like causes, being observed in the outcrop 
of ' Dwdrka SheUy-limestone, No. 351, miles SE. of Bubldeshwar 
Temple, near by the laterite formations of Simdni.j 

Thin sections when subjected to microscopical examination, show 
a differentiation into at least a couple of varieties, — the light and the 
dark, as follows : — 

The light variety has, by recaicification, been practically converted 
into a mosaic of allotriomorphic crystals of colourless calcite, varying 

from ~ to inch across. Some of 

Microscopfbal Structure of the . 

Light Vanety of Stone from Bhado these, exhibit twin lamellae, — C\ Fig. 61, 

Plate LVIII. The mosaic plates moreover, 
contain the shadowy recalcified remains of organisms, —chiefly the calcified 
areolar tissues of echinoids, and the tests of a few Foraminifera, princi- 
pally a sub-spiral form, probably of the genus Peneroplis, slightly over 
^ inch in length, and a few rotaliform species. Throughout the 
field-of-view, there are many patches of translucent brown matter, fre- 
quently without definite outlines, and often covering parts of more than 
one mosaic unit. These are more than likely to be altered products 
derived from the decomposition of clastic particles of laterite, and of 
the nature of ferric hydrate stains ; but some of them call to mind the 
flakes of palagonite, so common in the decayed remnants of vitreous 


* Vide ut supra, ‘ Narrative Report pp. hii, Ivii. 
t Vide vi supra, ‘ Narrative Report,’ pp. cxxv, cxxv, cxxvi. 


Plate LXVl. 



Regd. No. 474. Fig. 69. Consolidated Shell-sand. 

Flagstone Quarry, 500 yards N. by NNE. of Rabarikhira, Bale]. 

hy W.v'isON 6c Sons' i)ich Ohjcctivt\ o" Xunicrical Aperlurc, 

Amplified 15 Diameters. 

S. -Kloni^ulcd ciups of partially rounded lamellihranchiate shells show In traces of 
histolog'ical structure. S . — Duplicates of, S, thoroug’hly recalcified. G. — 
Woll-rou tided clastic units of yellow to brown Gaj limestone. F. — Entire 
and frayrmentary tests of — chiefly RotaVuhc, E. — Spines 

anti calcified areolar tissues of Echinoidt'o. P. — Ectocyst of a Poly::t)0)i. 
L. — Rounded bit of the thallas of Lithothanniiini, Q. Angular as well as 
partially rounded i^rains of colourless quartz. X. — Empty spaces. All 
interspaces are filled with a well-developed mosaic*of colourless secondary 
c<iU iie. 
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igneous rocks. They are feebly refringent. Angular grains of colourless 
quartz are not of frequent occurrence, and of minute dimensions, 
to Yh inch across. They, can, of course, be readily recognised between 
crossed nicols by their interference tints, which, in thin sections, give 
the whites, blue-greys and pale yellows of the first order. Lastly, by 
diligent searching, a few acicuiar scales of colourless muscovite, — - 
measuring from to -.f- inch in length, and less than inch 

transversely, — may be detected at irregular intervals ; the position of one 
of these is indicated at IVL, Fig. 61 , Plate LVIII. These exceedingly 
delicate laths, nevertheless show basal cleavages, extinguish straight, 
and give interference tints in pinks and greens of the third order, 

Regd. No. 148. — Fig. 63, Plate LX, and Fig, 64, Plate LXI, 
are reproductions from photomicrographs, taken from two adjoining 

Microscopical Structure of the Portions of the same thin section to display 
Dark Variety of Stone from Bhado the structure of the dark variety of " Con- 
*^*’***' solidated Shell-sand’ undoubtedly belonging 

to the Dwdrka Gioup of beds, forming the low hillock called Bh^do Dhar. 

It will be observed that the general structure of this sample appa- 
rently differs widely from that of the light variety ; but in reality both 
are essentially the same, save for the manner of distribution of the de- 
composed products of laterite which determines the colour of the stone, 
and perhaps also in the difference of their foraminiferal tests, uhich 
probably belong to different zones of the marine littoral. 

It may also be noticed that in the thoroughly re-calcified chips of 
lameHibranchiate shells, the calcite mosaics are considerably coarser 
than those of the interstitial authigenous matrix, the former measuring 
from .7^, to inch across, while the latter seldom exceed -~ 
and average about inch. It will also be seen that the impurities 
of deep brown iron-hydrate, are pushed out, to form quite a conspicuous 
border round the chip-pseudomorph. The tests of Foraniinifera 
to ~7 > shell-chips, to inch ; echinoid tissues, to 

inch, and quartz grains, to inch, are aU relatively’ coarser 
than in the light variety. Figs. 61 and 62, thereby denoting sedimenta- 
tion in a shallower zone of the marine littoral. 

Regd. No. 410. Just as the pebbles on the sea-shore or the 
shelly sands of the beach tend to be sorted by shiftings into coarser 
Variations in tbe Consolidated or finer lots of clastic units, so, when 
Sbeu-sands consolidated, the resulting stone is found 

in sedimentary rocks to vary in texture and frequently in composi- 
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tion, both horizontally and vertically, and a good case in point is 
furnished by the specimen of ' Consolidated SheU-sand ' now under 
consideration. 

The stone outcrops, at a considerable distance from the beach- 
breakers with which it is continuous, being isolated from the latter by 
blown-sand ; and can therefore be traced as part and parcel of the same 
deposits already described as ‘ Registered No. 5.’* Its site and mode 
of occurrence, uses, etc., have also been recordedf ; so that it now only 
remains to consider its intimate structure. 

In preparing thin sections for microscopic examination, it is ex- 
tremely difficult to secure complete slices, on account of the large quant i- 

Microscopic Structure of the of siliceous sand, with which the calcare- 
Consotidated Sheu-sand to the ous stone is incorporated. As soon as the 
s. ofChaya. becomes thin enough to distinguish 

the nature of its component parts, the hard quartz grains are tom out 
of their places, leaving only a few remnants in the otherwise vacant 
spaces ; and as these spaces preponderate, it may be taken for granted 
that they w^ere once filled with quartz. The spaces are usually of irregu- 
lar shapes, and those of them that are still Med with the colourless 
quartz, show, between crossed nicols, that the individual grains, had 
been subjected to great strain, being shattered in all directions, so that 
the units of quartz, w'hen thinly sliced simply drop out in small pieces. 
That the cracks are not the result of the mechanical methods employed 
in preparing the thin sections, is evidenced by the fact that they are 
Med with secondary silica, and therefore clearly of old standing. The 
quartz units in this specimen vary in size from less than to more 
than ^ inch across. 

Next in order of abundance there come many well-rounded units 
of a very arenaceous limestone, which stongly resemble if they are not 
identical with portions of certain interbedded strata already described 
as No. 562. J These usually give elliptical sections, of tolerably uniform 
sizes,— I, by inch. The shells of molluscs, chiefly Lamellibran- 
ctoa, 4^ by inch, on an average, show marked traces of histolo- 
gical structure ; while the less frequent tests of Forayninifera, sometimes 
large, but more usually small, measure from to as much as -777 inch 
across, and are principally represented b y members of the family Rotali- 
* Vide ut supra^^. 150. 

t Vide utsupray ‘Narrative Reix>rt. ’ pp cxxxvii-cxxxix. 
t Vide ut supra, p. 147. 



Plate LXVH 



Regd. No. 474. Fig. 70. Consolidated Sheli-sand. 

Flagstone Quarry, 500 yards N. by NNE. of Rabarikhira, Balej. 

hy W at-ox & DicJi Ohji'ctive^ 0.17 Xii))ic*intl Apeiturc, 

Amplified 15 Diameters. 

— Recnlcifiod chips of siielN of Lunu Utbyunclunta. S. — Chips of sliclis show Iiii^ 
traces of liistolo^ical structure. Sh, — Lonj^ituditial nieilian section 
tlirouj^ii shell of small gastropod. F. — Tests of roialiform Forn?ninif }(u 
VJ — Test of Miliolhia, G. — Well-rounded clastic units of >ellow to lu'own 
Gaj limestone. E. — Fragment of calcified areolar tissue oi echinoid. 
L, — Portion of thallus of Lithothaniniun. Q. — Angular as well as partial- 
ly rounded grains of quartz. X.— Empty spaces. All intersjpaces are 
completely filled with a well developed mosaic of col mrless calcite. 
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dcB. Subordinate units, are fragments of corals, the spines and tissues 
of echinoids, Polyzoa and nuUipores. All of these are closely crowded 
together, so as to leave but little room for a very small proportion of 
cementin ; secondary calcite in minute, irregular, colourless granules. 

Regd. No. 429. — This specimen, taken from the sound stone 
at the base of a small pit-quarry, about 100 yardfe WSW. of the village 

ConsoUdated Sheu-sand of Tunkra, is closely similar in intimate 
Tankra suitable for large Building' structure to the excellent stone registered 
***^*^*' as No. 5,* but has the advantage of being 

well situated for quarrying on a large scale, although no attempt has 
yet been made to utilise the material except for small local needs. There 
are evidencesf to show that the stone exists in large quantities through- 
out the neighbourhood of Tunkra, and is available in solid blocks of 
sizes large enough for aU kinds of building construction. 


Under the microscope, the structure of the stone is clearly shown 
by the excellent reproductions from photomicrographs taken from thin 
Microscopical Structure of the sections, both parallel with and at right 
ConsoUdated Sheu-sand Of Tunkra. angles to the plane of bedding :-Fig. 65. 

Plate LXII ; Fig. 66, Plate LXIII ; Fig. 67, Plate LXIV and Fig. 
68, Plate LXV. It will be seen from these accurate pictures, 
that the clastic units are of a very varied character ; being 
derived from pre-existing rocks, both near and far distant from the 
site of sedimentation, and that these particles are held firmly together 

Fibrons Character of the secon- by secondary calcite of two kinds :- 
dary Calcite in the Consolidated incipient fibres, and allotriomorphic grains 

Sheu-sand of Tunkra. 

the outlines of a fine mosaic. Occasionally, when the fibres of calcite. 
which radiate from the clastic units, do not meet in the interstitial space, 
a kind of miarolitic cavity is formed, and the terminals of the fibres 
crystallise out into grains like those of the mosaics. 


The clastic units, in order of importance comprise ; — (i). — ^Elongated, 
rounded chips of the shells of lamelhbranchiate or bivalve moUuscs, 

which usually show clear traces of histo- 
Sheu-»nd^*T^™.‘'”““"'‘'“*" Structure, but are sometimes entirely 

replaced by calcite. (ii). — A few complete 
shells of smaU gastropods and fragments of larger members of the same 


* Vide ut supra, p. 150. 

t Vide ut supra, 'Narrative Report pp. cxliv, cxlvii. 
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class of molluscs. These shelly constituents vary very considerably 
in sizes : — the elongated chips from to /o inch or so long, by about 
to 7;^ inch broad, (iii). — Most conspicuous are the well-rounded 
units of Gdj iimonitic limestone, identifiable by their yellow to ruddy 
brown colour and fossil contents, and frequently varied by similar units 
(full of minute angular particles of quartz) which were probably derived 
from the thin arenaceous beds intercalated with the upper strata of 
the group. These units are more uniform in sizes, varying from 
to ^ inch across, (iv). — Entire tests and fragments of Foraminifera, 
frequently exhibiting structural details, and measuring as much as 
^ inch across, (v). — Partially rounded pieces of Lithothamnion. 
(vi). — A very subordinate representation of bits of corals, Polyzoa, and 
echinoids. (vii). — A few grains of quartz, which are peculiar in being 
fairly well-rounded, and of showing signs of having been shattered, and 
mended by emanations of secondary silica. These seldom exceed 
inch across, (viii). — Lastly, almost every thin section examined, was 
found to hold one or more small irregular fragments of much decayed 
granophyre, showing micropegmatite. 


Regd. No. 455. — That slight variations constantly occur 
among the ‘ Consolidated Shell-sands ' of the coast-line in Porbandar 
, ^ State, is well exemplified by the specimen 

Bhadar-River-Creeks at Navi- now under consideration, which was taken 
bandar- from a very fine outcrop of solid-looking, 

false-bedded flagstones on the SW. bank of the Bhadar-River-Creek, 
about i mile NW. by WNW. of the town of Navibandar.* The stone 
is of very compact, and manifestly uniform texture, more arenaceous 
than usual, and would be available in thick slabs of large dimensions 
if it were not for its unfavourable situation by the side of the creek-bank, 
which would make quarrying on a large scale undesirable. 


Save for a very few extra large clastic units, the rock is composed 
of tolerably uniform-sized particles ; but these are so closely crowded, 

that little or no interstitial spaces are 
These, when present, are fiUed with 
Bhadar^Biver-Creek. an excessively fine granular calcite, show- 

ing faint traces of a fibrous tendency, and 
•occasionally developing into a matrix of minute mosaics of secondary 
calcite, scarcely discernible with a magnifying power of 50 diameters. 


Of. ut supra, ‘ Narrative Report pp. cjv, clix. 



Plate LXVIII. 



Regd. No. 345.— Fig. 71.- Foraminiferal Flagstone- 

Roadside Exposure, miles WSW. of Degam. 

Rcsoivi'd hy W\TSO\ & Sons’ inch Ohjcctivc, 0*17 Xunicrical Aperture. 

Amplified 15 Diameters. 

Pertorate test ol toranitnifer, — (Hobig’erina sp.— with pseuclo-oolitic border. 
F'.— Sirigle perforate chamber of test of foraminifer . — Globigerina sp — 
filled with amorphous calcite deeply stained with ferric hydrate. 
G. — Well-rounded clastic units of Gaj Hmonitic-limestore. X. — Amorphous 
rounded nuclei of lime with single pseudo-oolitic border, x'. — Pellets ot 
amorphous lime with more than one pseudo-oolitic border. S. — Chips of 
the shells of J/o//usraj a few of which show traces of histological structure. 
C. — Colourless mosaic of secondary calcite completely filling all inter- 
spaces. C'. — Mosaics of secondary calcite pseudomorphs after organic 
remains. E. — Portion of spine of an echinoid. L. — Section of thallus ot 
a nullipore. There are no quartz grains in this field-of-view. 
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The clastic units are principally of organic origin, but there is a 
plentiful representation of colourless quartz grains of irregular angular 
and sometimes rounded shapes, varying in size from less than ^ to a 
little over ^ inch across. Rarely, a few minute grains of green 
augite, — 7^ inch and less, — may be detected. 

Other constituents include : — (i). — A good many short and thick 
chips of lamellibranchiate shells, about by 7^, inch in dimensions 
on an average ; but occasionally as much as 77 inch long. Some of 
these units show clear traces of histological structure, while others are 
completely recalcified, (ii). — The tests of Foraminifera are well represent- 
ed by rotaliform species, from 7^ to ,.7 inch or slightly more across ; 
but there are also a few much larger forms to be found in nearly all thin 
sections, — notably of a Miliolina, inch in length, (iii). — A few 
characteristically yellow and brownish well-rounded units, ^ inch 
or so across, proclaim the presence of particles of Gaj limonitic-limestones 
(iv). — Subordinate units occur in the form of small fragments of corals 
echinoid tissues, and irregularly shaped or rounded bits of Polyzoa and 
Lithothamnion, varying in sizes from less than to a trifle over 7^ inch 
in major diameter. 

Regd. No. 490. — In a neighbourhood where sound and strong 
building-stone is scarce, and the inhabitants are driven to go far 

for their building materials or put up 
Sonnd Character of the Consoli- with the soft inferior blocks of consolidated 
of the Viuage of Mulmadhavpur. blown-sand SO largely developed locaUy, 

it is somewhat surprising that the consi- 
derable outcrop of compact and durable stone within 100 yards E. of the 
village of Mulmddha\q)ur, from which this specimen was secured, should 
lie practically untouched.* 

In this variety of ‘ Consolidated Shell-sand ’ of the Dwarka Group, 
the clastic units are not so closely compacted as to leave but little space 
for an authigenous cementing material, but are usually disposed so far 
apart from one another as to allow for the deposit of more than the usual 
proportion of secondary calcite. This secondary calcite, moreover, is 
peculiar, from the fact that it forms an appreciably deep border of in- 
finitesimally small granules around each clastic unit, and sometimes fore- 
shadows radiating fibrous structure. When the borders from contiguous 
units meet, they generally develop a narrow median layer of minute. 


C/. nt supra, ‘ Narrative Report pp. clxvi, clxx. 
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colourless mosaics of calcite ; while at other times the mosaic lines the 
inner walls of a kind of diminutive drusy cavity. 


Clastic Units of the Consolidated 
Shell-sand of Mulmadhavpar. 


The clastic units, as usual, are nearly all of organic origin, with 
the exception of a rather abundant proportion of colourless angular 

quartz grains, which measure from less 
than ^ to fully inch across. The 
organic units comprise : — (i) . — Elongated 
chips of lamellibranchiate shells and small pieces of the shells of gastro- 
pods, some of which show histological structure, while others are 
thoroughly recalcified. The former average about by inch in 
dimensions, (ii). — A good many tests of small Foraminifera, Rotalia 
sp., and Globigerina sp., about inch or so in diameter, and a few' 
larger tests of Miliolma, inch in length, (hi). — A fairly large 
number of well-rounded, yellow to brown units of Gdj limoni tic -limestone, 
from ^ to ^ inch across. (iv). — Occasional irregularly-sliaped 

fragments of the spines and calcified areolar tissues of Echinoidea. coralla 
of Madreporaria, ectocysts of Polyzoa and the thaUus of Lithothamnion. 


Regd. No. 474. — The locality, mode of occurrence and uses of 
this stone have already been noted ;* but it may here be added that 

the material, after examination in the 

Consolidated Shell-sand of Haba- laboratory, does not resemble the Kunchri- 

rikhira Khan near Balej. 

stone, but belongs unquestionably to the 
lower sub-group of the Dw^rka beds. The stone, moreover, is interesting, 
inasmuch as it contains a larger variety than usual of the tests of Fora- 
minifera, in an excellent state of preservation ; — as will be gathered 
from the following microscopical determinations : — 


(i). —Partially rounded chips of the shells of lamellibranchiate 
Mollusca^ many of them showing clear traces of histological structure. 

while others are completely recalcified, 
hell-sand of Rabarikhira Khan. repres-ented in abundance ; there are 

undoubtedly also fragments, and a few 
very minute entire shells of gastropods. The bivalve chips vary from 
i to i inch long, by about 3^;^, inch broad. (ii).--The tests of 
Foraniinifera include many rotaliform species, varying from to 
i inch across the entire tests ; a few tests of Textiilaria, Miliolina 
and Nodosaria. (iii).— Many well-rounded clastic units of yellow, orange 
and brown Gdj limestone, (iv).— Rounded pieces of the thallus of 


CJ. 'iitsupray ‘ Narrative Report pp clxu clxiii. 



Plate LXIX. 



Regd. No. 345.- Fig 72.— Foraminiferal Flagstone 

Central Portion of Fig. 71, more highly Magnified. 

AVsvVt'.v/ by Watson & Sons’ ^ inch Objective, 0*34 Xunierical Aperture, 

Amplified 50 Diameters. 

F.— Perforate test of foraminifer, — Glohigerina sp. — With single pseudo-oolitic border. 

Fh — Single perforate chamber of test of larger foraminiter, — GJobigenna 
sp. — without border. G. — Rounded clastic units of Gaj limonitic-Iimestone. 
X. — Indeterminate rounded nuclei of amorphous lime with single pseudo- 
oolitic envelope. Xh — Indeterminate rounded nuclei of amorphous lime 
with more than one pseudo-oolitic envelope. C. — Colourless mosaic of 
secondary calcite completely filling all interspaces. Ch — Pseudomorphs in 
mosaics of colourless secondary calcite ot organic remains. S. — Recalci- 
fied chips of shells oi Moll usca, L. — Section of thallus of Lithothamnion, 
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Lithothamnion, (v). — Bits of branched and astraean corals, (vi). — 
Irregular and rounded fragments of the calcified areolar tissues of Echi^ 
noidea, (vii). — Occasional pieces of the ectocysts of Polyzoa. (viii). — 
Angular as well as rounded grains of colourless quartz, (ix). — A few 
small crystals of opaque black magnetite. The appreciable interspaces 
between these clastic units, are completely fiUed by a well developed 
mosaic of colourless secondary or recrystallised calcite. 

In the Narrative Report records have been made of the existence of 
fringing coral-reefs during the period, — Piio-Pleistocene, — of the deposition 

Fringing Coral-reefs of PUO- of the Dwdrka Group of beds in Porbandar 
Pleistocene date in Porbandar State.* * * § Especially noteworthy, is the ex- 

istence, in situ, of a well-preserved coral- 
reef near the mouth of Visdwara Creek, j where the coraUa, chiefly those 
of the sub-order Madreporaria, appear to be as fresh as specimens of 
recent growth. Farther inland, however, where the raised-beach has 
been deeply covered by subsequent calcareous deposits, the coralla 
become so thoroughly recalcified, as to lose nearly aU traces of histolo- 
gical structure, and it is in this condition that the original reef, clogged 
with the remains of minute organisms, such as Foraminifera, and small 
fragments of Polyzoa, Echinoidea, nullipores, and grains of quartz, 
assumes the character of a ‘ Coral-rock which has been recorded as 
occurring at several widely separated places ; — Bhdvpura, Midni, Chdya 
and Rdnghdwdo, and registered respectively as Nos. 254, 260, 408 and 

413- 

The upper strata of the Dwarka Group of beds in Porbandar State, 
which have here been classified as a Sub-group, probably of early Pleist- 

The Upper Strata or Sub-groop ocene age,+ differ markedly from the fore- 
Of the Dwarka Beds in Porbandar going series of consolidated shell-sands ; and, 

under the microscope, alone, cannot be 
distinguished from the miliolites or later Pleistocene deposits. The 
clastic units of these rocks, which are typically represented by the well- 
known building-stones of Kunchri and Degam, and which are structur- 
ally similar to those of the miliolites, would doubtless be erroneously 
described, as were those of the latter, as Qolitic,% As a matter of fact 

* Vide ut supra, ‘Narrative Report*, pp xcvi, xcvii, c, ci. cxxxvii, cxxxix, cxL, 
cxii, 

t Cf. ut supra, ‘ Narrative Report pp. cvi, cvii, cxi, cxii. 

J (7/. ut supra, p. 149. 

§ ‘Manual, Geology of India 2nd Edition, Calcutta, 1893, p. 395 
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the clastic units of the stone, when carefully scrutinised, have evidently, 
by recalcihcation, formed a slight border of colourless mosaics of calcite, 
which, as usual, have thrust sundry impurities to their outer edges,* 
thereby giving rise to a kind of coating which has been mistaken for an 
oolitic concretion. 

Regd. No. 327. — Commercially known as * Kunchri-stone * after 
the locality from which it is excavated, the megascopic characters 

and uses of this inferior variety have 
Kunebri'Stone. already been recorded ; f but, upon ex- 

amination in the laboratory, the material, 
which to the naked eye, appears to be azoic, is shown to be essentially 
of organic origin, being composed of alternately coarse and finely tex- 
tured, thick and thin laminae, with a tendency to decompose along 
the interlaminary planes, and to spUt into slabs or flagstones. 


(i). — So thoroughly recalcified has this rock become, that it is diffi- 
cult and sometimes impossible to determine the true nature of the 
Clastic Units of the Foramini- majority of its elastic units, which assume 
feral Flagstone of Kunchn. Spherical and ellipsoidal shapes. These units 

show granular, grey, amorphous nuclei, surrounded by a thin selvage of 
colourless calcite mosaics and enveloped in a pellicle of darker almost 
ultramicroscopic particles of impurities. Sometimes, a second envelope 
of emanations is present, and lends support to the statement that the 
grains are oolitic concretions. According to the position of these units 
in the coarse or finely-textured laminae, they vary from about t^o to 
inch in the coarser and tuu to 1^0 inch across in the more finely- 
textured layers ; and these measurements hold good more or less with 
reference to units the precise nature of which can be identified, (ii). — 
Many of the clastic units, by their outlines, colour, or traces of structure 
admit of being determined under the microscope. They show a tolerable 
abundance of well-rounded particles of yellow, fossiliferous Gaj limestone ; 
entire and fragmentary tests of Foraminifera, — Rotalia, Miliolina, Tex- 
iidaria ; occasional pieces of spines and the calcified areolar tissues of 
Echinoidea, the ectocysts of Polyzoa, coralla of Madreporaria and thallus 
of Lithothamnion. There are also a few chips of the shells of Mollitsca, 
mostly thoroughly recalcified, but occasionally showing faint traces of 
histological structure ; while minute, colourless, angular and partially- 
rounded grains of quartz, — to tJm, inch across, — can be detected 

♦ Vide Dk. Barker's ‘ Petrology for Students *, 4th Edition, Cambridge,1908, p. 262. 
t Vide ut supra, ‘ Narrative Report pp. cxvii, cxviii, exxi. 



Plate LXX. 



Fig. 73.— Sub-recent Consolidating Shell-sand of Raised Beach. 

Khari Khan, f mile W. of Kunchri. 

From a J%oto^rapli taken on 25th July, U)i6, by 1'. Howard Advk, A. —Shows the mesh work oi rock 

consolidalingf througli the at,wncy of carbonated percolratin^^" meteoric waters. B. — Consolidated stone 

at depth of 10 feet, being’ quarrieJ for building-blocks, shown piled on the left-hatul side ol the picture. 
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as sparingly present, between crossed nicois. (iii). — The rock has been 
so decidedly recalcified, that all interspaces are filled with a well-deve- 
loped mosaic of colourless secondary calcite. The specimen may there- 
fore be called a ' Foraminiferal Flagstone/ 

Regd. No. 345. — The type of ' Foraminiferal Flagstone * just des- 
cribed, finds finer development in the surroundings of the neighbour- 
ing village of Degdm, where it is exten- 
Degam'Stone. sively extracted for building purposes 

and is almost entirely consumed within 
the State.* Its microscopical structure, which is essentially similar to 
that of the later deposits of ' Miliolite 'f is very clearly shown by the 
photomicrographic reproductions. Fig. 71, Plate LXVIII and Fig. 72, 
Plate LXIX. From these it will be observed that the texture of the 
stone is practically uniform, in the finer and more compact layers, which 
often attain to several inches in thickness. In the alternating coarser 
layers, the clastic units are not quite so uniform in sizes, and are, of 
course, of relatively larger dimensions. It will likewise be noticed that 
the texture has been very thoroughly recalcified ; — the colourless mosaics 
of calcite being defined with the utmost clearness, and completely filling 
all interspaces as w^ell as invading the substance of the clastic units, 
which latter may be enumerated as follows : — 


Clastic Units of the * Foramini' 
feral Flagstone* of Degam. 


(i). — The majority of the clastic units have been so much altered 
by recalcification, that it would be impossible to determine their origin, 

beyond assuming from their spherical, 
eUipsoidal and rounded elongated shapes, 
that they are all of organic origin, (ii).- — 
When deeply stained with yellow or brown hydrate of iron, and exhibiting 
faint traces of fossil remains, it is reasonable to believe that they were 
derived from the underlying beds of Gij (Miocene) Hmestone. (iii). — 
Unmistakable units of entire and fragmentary tests of Foraminifera 
give a distinctive character to the rock, which has therefore been styled a 
* Foraminiferal Flagstone.’ Among these dehcate organic remains, 
it is easy to identify members of the families Globigennidce, Rotalidce, 
Textularidce and Miliolidce, (iv). — Elongated as well as abbreviated 
chips, occasionally showing traces of histological structure, denote the 
inclusion of bits of the shells of both lameUibranchiate and gastropodous 
Mollusca, which are fairly well represented, (v). — In subordinate 


* Cf. ut supra, ‘ Narrative Report pp. cxx, cxxii, 
t Vide ut supra, p. 90. ei sequenies. 
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proportion there may be recognised irregular as well as rounded fragments 
of the spines and other calcified areolar tissues of Echinoidei, the ectocysts 
of Polyzoa, the coralla of Madreporaria and the thallus of Lithothamnion ^ 
(vi).— Minute angular grains of colourless quartz are extremely rare, 
and seldom exceed tJo inch across ; while the average sizes of the other 
clastic units vary from less than to a trifle over inch in major 
diameter. 

PHYLUM E,— SUB-AERIAL ROCKS. 

I NDUBITABLE PROOFS of the sub-aerial origin of some of the rocks 
of the coastal borderland in Porbandar are fortunately available 
among the Sub-recent and Recent deposits 
Sub-aerial Hocks. of the State ; but of the older formations 

which must have consofidated under simi- 
lar circumstances, evidences are naturally wanting ; and cannot, in the 
present state of our knowledge, be satisfactorily supplied solely by means 
of laboratory research. It must therefore suffice, for the time being, 
to place on record a few observations made in the field, supplemented 
by notes on determinations made through the microscope. 

Sub-aerial rocks may be divided according to their modes of origin, 
into two principal groups : — (i). — Consolidating Raised-beaches, and to 
a less degree of River-terraces and Concretionary deposits, (ii). — Con- 
solidated Blo^\^l-sands. 

In illustration of the first group, no better example could be afforded 
than the interesting series of pit excavations, still desultorily being 

exploited along the sea-shore, from the 
Snb-ueriaiiy Consolidated Shell- immediate N\V. of Porbandar City for 
Sand of Khan Khan near Kunchn. ^ distance of about 4 miles, to the neigh- 
bourhood of Khimeshwar Temple on the sand-dunes near Kunchri- 
The pits nearest to the Temple called Khdri Khdn, yield building-blocks 
of a loosely consolidated shell-sand, the mode of occurrence of which 
has already been sufficiently detailed.* This is clearly show n by the 
photograph here reproduced as Fig. 73, Plate LXX. 

Under the microscope, thin sections of the consolidated stone show 
a very coarse texture composed chiefly of the shells of Molkisca, thal^ 

have undergone only slight changes, to- 
stone **** *^****' gether with fragments of corals, echinoids, 

sea-mats, nuUipores and a good ma ny 
large tests of rotaliform Foraminifera, measuring from -3^ to ^ 

* Yid^ at nupra^ ‘Narrative IU>port pp. cxix, cxx, cxxii. 
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inch across. Minute grains of angular quartz doubtless occur in abun- 
dance ; but are apt to drop out of thin sections during the processe 
of preparation. They can, however, be collected in abundance, and 
satisfactorily examined by Dr. Sorby's methods.* The interspaces 
between the clastic units are seldom entirely filled with secondary calcite; 
but each unit is usually coated with a thin border of minute granules 
of colourless calcite. 

The second group belonging to this phylum, is represented in Por- 

bandar State by many extensive deposits of consohdated blown-sands, 

some of which are so sound and strong 

Consolidated Blown-sands of as to be highly esteemed by local builders 
Porbandar state. , ^ ^ x j n- 

and contractors for the erection of dwellings. 

Indeed, a very large number of even the better classes of houses in Por- 
bandar City are mainly constructed from this kind of stone ; which, 
it is scarcely necessary to add, is sold at much lower rates than even the 
inferior grades of miliolite-limestone. 

Regd. No. 401. — This specimen! has been chosen as typical 
of the consolidated blown-sands, so extensively quarried on the heights 

of Ch^ya, because of its having been 
‘ Cbaya-stone.’ indurated by sunbaking to such an extent 

as to render it suitable for being cut and 
ground into sufficiently thin sections without fear of falling to pieces. 
The stone from lower levels, has been found to be structurally similar 
in aU respects ; but is much too soft and incoherent, when freshly ex- 
cavated, to permit of being cut and ground without first being impreg- 
nated with a hardening medium. 

It may be remarked at the outset, that the main distinction between 
a sub-aerially consolidated blown-sand and its sedimentary counter- 
part, lies in the sizes of its clastic units ; 
for it stands to reason that, under ordinary 
everyday circumstances, only the smaller 
and lighter particles would be wind-bome 
to accumulate as coastal and inland dunes, and there to undergo sub- 
aerial consolidation by a combination of superincumbent stress and the 
reactions of carbonated meteoric water. It is thus important that in 
investigations of this kind, a record of the condition, (entire, fragmentary, 
fresh, altered or decayed), and approximate sizes of the different consti- 
tuents should be carefully made and kept for future reference. 

♦ Q. J. G. Vol. xxxvi, 1880. 

t Vide ut supra, ‘ Narrative Report % pp. cxxxv, cxxxvi, cxxxviii. 


Importance of the sizes of Clastic 
Units in Distinguishing between 
Rocks of Sedimentary and Sub- 
aerial Origin. 
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‘ Chdya-stone ' when cut into thin sections and examined under the 
microscope is found to bear out the abovenoted statement in every 
particular. Its clastic units are tolerably uniform in size, i.e., about 
inch approximate!}" across, and therefore not too heavy to be 
wind-borne for considerable distances inland. They are not very closely 
crowded, so that comparatively wide interspaces are left, in which a 
fine mosaic of clear, colourless, secondary calcite is deposited by the 
agency of percolating carbonated meteoric waters ; — and herein 
lies the main difference betw-een this subaerially consolidated rock 
and deposits, like the miliolites, wdich are of true sedimentary 
origin. 

Microscopes, of course, cannot be used for the purpose of distinguish- 
ing between authigenous constituents of sub-aerial and sedimentary origin; 
but by their means, other and more subtle distinctions are revealed, 
which may assist in determining the circumstances under which the 
rock took solid form ; — (i). — The clastic units show no tendency to deve- 
lop pseudo-oolitic emanations, (ii). — They are generally of such diminu- 
tive sizes, either entire or fragmentary, as to be easily wafted by light 
breezes to accumulate as dunes, while the larger and heavier particles 
are left behind upon the beach. 

Clastic units in the ‘ Chdya-stone ’ comprise : — (i). — A few 

entire tests of Foraminifera,—Miliolina, Operciilina, Peneroplis, — and 

fragments of larger rotaliform species, 
Clastic Units of the Consolidated very few of which exceed inch 

Blown-sands of the chaya- across. (ii). — Chips of the shells of Mol- 

lusca, seldom longer than ~ inch, 
(iii). — WeU-rounded particles of yellow" to brown Gij limestone, barely 
more than ^ inch in major diameter, (iv). — Subordinate fragments, 
either rounded or of irregula|; shapes, and generally less than ^ inch 
in dimensions, of pieces of the coralla of Madreporaria, the calcified 
areolar tissues of Echinoidea, the ectocysts of Polyzoa and the thallus of 
Lithothamnion. (v). — A very few specks and granules of magnetite, 
rarely more than 5^ inch in size. (vi). — Angular, but sometimes 
partially rounded, colourless grains of quartz, in tolerable abund- 
ance, varying from to as much as ~ inch in longest 

diameter. 

Regd. No. 482, — Consolidated blown-sands of sub-aerial consolid- 
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ation are, in addition to that of Chdya, of frequent occurrence 

along the SE. coastal borderland,* and 

Consolidated Blown-sands of gjgg found forming Small isolated 

Porbandar state, , „ , , 1 

knolls where the matenal has been earned 

farther inland f* They are, however, of a brownish-grey colour and 

commercially inferior to the lighter-hued and almost white stones of 

the Chaya -heights. 

Fairly typical of these accumulations, and by reason of its more 
extensive (ievelopment and widespread local use for the erection of 
stone walls and the poorer classes of dweUings, is the specimen now under 
consideration ; which was taken from the indurated exposed top of the 
east end of the large open quarry called ' Bdbudi Khdn,' situated J mile 
ESE. of the sea-side town of M^dhavpur. — A, Fig. 31, Plate XXIX. 

Under the microscope, the large and miscellaneous collection of 
small clastic units, may be seen to be more closely crowded than those 
of the kindred Chdya-stone. The cementing matrix as usual, consists 
of very minute grains of secondary, colourless calcite in form of a mosaic ; 
which, in the lower layers from which the building-stone is taken, is 
not particularly compact. The stone is consequently full of irregular 
pores and not so strong and durable as it would otherwise be. 

Clastic units are, as already noted, of an unusually miscellaneous 
character. They are, taken together, of fairly uniform sizes, ranging 
from less than to as much as ^ inch in longest diameter ; but 
it may be remarked, that the larger sized particles, such as scales of 
palagonite, the chips of Mollusca and certain of the entire tests of Fora- 
minifera, are of an attenuated character, and accordingly very hght in 
weight. 

Determinations under the microscope, coupled with micrometric- 
measurements give the following results : — (i). — Entire tests and frag- 

elastic units oithe consoudated "lents of Foraminifera, among which may 
Blown-sand of * Babndi Khan * near be recognised Miliolina, Operciilina, Pene- 
Madhavpur. roplis and a few rotahform species, vary 

from ^ to inch in longest diameter, (ii). — Well-rounded units 
of yellow to brownish pellets of Gdj limestone ; — ~ to — inch 
across, (iii). — Elongated chips and short fragments of the shells of 
Lafncllibranchiata and Gastropoda i to ^ inch in length by 

* Vide ut supra, ‘Narrative Report pp. cxli, cxlii, cxlv-cxlvii, clxiv, clxv, clxvii, 
clxxi. 

t Vide ui supra, ‘ Narrative Report pp. clxviii -clxxi. 
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about inch in breadth, (iv). — Small spines and pieces of the 
other calcified areolar tissues of Echinoidea ; — to ~ inch in 
diameter, (v). — Irregularly shaped bits of the coralla of both branched 
and astraean Madrepomria ; — about ^ inch. (vi). — Partially rounded 
portions of the thaUus and branches of Litkothamnion ; — not much ex- 
ceeding inch. (vii). — Scales of greenish, yellow and ruddy-brown semi- 
transparent vitreous material, probably of the nature of palagonite ; — 
about by j~r> inch. (viii). — Occasional, much decomposed frag- 
ments, showing traces of the ground-mass structure of basalt ; — barely 
inch across, (ix). — A few particles of irregularly shaped angular 
fragments of yeUo wish-brown augite ; — about ^ inch. (x). — Sundry 
isolated colourless crystals, with yellowish cracks, of ohvine ; — ^ 
fG ^ inch in length, (xi). — Opaque black magnetite in specks and 
sporadic grains ; ~ to a trifle over inch across, (xii). — A 
tolerably large proportion of angular grains of colourless quartz, ranging 
from less than to nearly ^ inch in longest diameter. 

From the facts and figures recorded in the foregoing petrographical 
determinations, many problems of more than passing importance to the 
student of applied geology may be profitably solved : — To wit, the 
examination of thin sections of stone under the microscope and its 
accessories, suffices to reveal not only the quality or true nature of their 
component parts, but their actual comparative proportions or quantities ; 
and, what is of more moment, the character of the association or relations 
of these to one another. Moreover, in the last example given above, 
of a consolidated blown-sand, it may be pointed out that the uniformly 
minute sizes of the clastic particles, serves to instantly indicate their 
aeolian origin and to separate them from the closely allied consolidated 
shell-sands of sub-sedimentary or up-raised beach formation ; while 
their clastic constituents, by containing an appreciable proportion of 

fragments of lavas and their minerals, — such as augite and olivine, 

furnish a clue to the proximity of volcanic rocks, which are now^here 
in evidence along the adjacent coastal borderland; but may nevertheless 
be presumed to underlie only an inconsiderable thickness of Tertiary 
and Post-Tertiai^^ strata, and perhaps to emerge at no great distance 
from the shore-line under the Arabian-sea. The practical up-shot of 
this deduction is, that the low-lying stretch of countryside which forms 
the southern moiety of the State, and which is periodically prone to 
suffer f»om drought, might be easily irrigated with a plentiful supply 
of potable water through the simple expedient of sinking artesian well- 
shatts into the zones of the closely underlying Deccan-Trap. 
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A 

ACACIA arabicUi xxiv, Ixxxix ; ferru- 
ginea^ cxcii ; planifrons, xxxiv ; 
Senegal y xlv, Ixiv, cxcii, 

Adatiana, iii, vi^ xi, xUii, xliv. 
Adatiana-heights, vi, xxxiv, xliv, xiviii; 
granophyres, ix, x ; limestone-limit, 
xxxviii, xl, xliv ; miliolites, viii, x, xi, 
xliv, cxxx — cxxxiv. 

Adodar, cxxxix, cxli-cxlvii ; consolidated 
blown-sand, cxlii ; white limestone, 
cxliii, cxlvii, 

Adwana, basalt-dyke, Ixxix, Ixxx, 
Ixxxiv ; road-metal, Ixxx, Ixxxiv. 
iEolian dunes, cliv, 

Agamoid lizards’ burrows, clxv. 

Agent to the Governor of Bombay, 
cxxxiii. 

Alaswana, old-site, xlv, xlvii, xlix ; jhar, 
xlix, 1, Ivi ; vokala and coral-zone, liv, 
Algce, clxxxiii, cxcii. 

Alluvial blown-sand, clxxvi. 

Alluvium ; freshwater, liii, Ixxxv, xcii, 
cxxiv, cxlv, cxlvii, clxx, clxxiii, clxxiv, 
clxxviii, clxxxvi ; gypseous, xcix ; 
Kadach, clxi ; Ktnderkhera, Ixxxvi; 
saliniferous mud, cxxxvi, cxlv ; Salt- 
marsh, cxl, cliii, clvii ; Salt-panS, 
cxxiii ; sundried building-blocks, clvii, 
clxix. 

* Aloe-cake,’ clxviii. 

Aloe veray clxii, clxviii. 

Alteration products, xiv, xviii, clxxxv. 
Altered-lava ; Asiapat, cxci ; Bhavpura, 
xcvi ; Kerala, clxxviii ; Wadala, c. 
Amoebay clxxiv. 

Amygdales ; discoidal, xci ; stem-like, xc. 


Amygdaloidal-lava ; Bakharla, Ixxxiv ; 
brick-red, ciii, civ ; decayed, cxlvii, 
cl, clii ; fissile at Wadala, xci, xciii ; 
Morwara, Ixxxiii, xciii ; Rojhiwara, 
Ixxxiv ; 3odhana, Ixxvi. 

Anajto Dhar ; laterite and crust of milio- 
lite, cix. 

Analyses ; chemical, cxxviii, cxxix. 

Aniall, xxi, clxxviii, clxxix. 

Arabian sea-shore, ii. 

Arenaceous limestone, cii, cxi, cxviii. 

Arniala, old-sitc, cxxv. 

Asiapat, clxxxh, clxxxv, clxxxvii-cxcv ; 
whitish granophyres, clxxxvi. 

Asiawadar, old-site : bedded-lavas, 

clxxvii clxxviii. 

Atlas, Indian, of the G. T, S., clxxiv, 

Azmapat Nes, clxxxix, cxc, cxciv. 

B 

BABADE5HWAR TEMPLE, lii ; fos- 
sil Gaj corals and pectens, Ivii, cxxiv. 

Babia Dungar, clxxxix, cxcUi, cxciv. 

Babudi Khan ; consolidated blown-sand, 
clxiv, 

Babudi Khan, No. 2 , Kadach ; Dwar- 
ka limestone, clxxi, clxxiv. 

Babul-trees, xxiv, xxxiv, xlv, Ixiv, 
IXxxix. 

Backwater ; Navibandar, cliv ; Porban- 
dar Salt-pans, cxxiii. 

Bacieriay cxlix. 

Bagwadar, Ixxxvi. 

Bakharla, xlii, xliii — xlvii, amygdaloi- 
dal lava, Ivii ; consolidated shell-sand, 
xliv, Ivi ; dense-blaek basalt, Iv, Ivii ; 
indurated-laterite, Ivi ; iron-mines, lii : 
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laterite, xliv, xlvii, lii, Ivi ; laterite- 
conglomerate, Ivi ; milioUte, li ; milio- 
lite-c on glomerate, Ivi ; ‘ regur’-soU, 
Iv, Ivii. 

Balej, clvii, clx — clxiii. 

Ball diorite, Ixi, 

Baivi Talav, cxxxvi. 

Banyan- bower, iVladhavpur, clxiv. 

Banyan-trees, cii, clxiv, cxc. 

Bapodar, clxv, clxvi ; alluvium, clxxvii ; 
decayed bedded-lava, cxlvi ; volcanic 
soil, clxxvii. 

Barda-Alecll Vale, drainage, clxxii. 

Barda Hills ; cradle, vi ; flora of, xxxv, 
xxxviii. 

Bardia, cxiii ; laterite, cxiv, cxv. 

Barren patch of ground, xliv. 

Basalt ; Ad wan a dyke, Ixxix ; dense- 
black, Ivii; lavas and dykes, Ivlii, Ixvi; 
(Vlajiwana dyke, Ixxv ; MLorwara 
cleaved dykes, Ixxxiii, xc ; 5isli- 
Majiwana-Kunwadar dyke, Ixxv ; 
Wadala dyke, ci. 

Bastard-teak, Ixxix, cxcii, 

Bawa-ka-Mat, cxxxvi. 

Bedded-lavas ; Adwana^ deep soil of, 
Ixxix, Ixxx ; Bakharla, Iv, Ivii ; basic 
soil of, xciii ; Bawawao, Ixv ; 
Bhomiawadar, Ixxviii ; compact, 
Ixvi ; contact-zone, xc, xciii ; God- 
hana, lx ; Khambhodar, Ixxi ; 
Kinderkhera, Ixxxvi ; Majlwana, 
Ixxxvi ; minutely-spheroidal, xci ; 
iVLorana, Ixxvii ; Morwara, Ixxxvi, 
cix ; Nagarari Dhar, c ; Nagka, 
Ixxiii ; rock-plains of, Ixxviii, xci, 
xciv, xcviii ; Sodhana, Ixxvi ; Tukra, 
ciii. 

Bhad, clxxiii. 

Bhadar ; creek, clii, cliii, civ, clvii ; 
estuary, clui, clvii ; ferry, clxxiii, 
clxxv ; lock-bridge, clv, clvii ; river, 
clii. 

Bhado Dhar, dark Dwarka-beds, liii, 
Ivii, 

Bharwara, Uii ; ‘Prindaralite’, Ivii, Ixxxvi, 
cxxiv. 

BKarwaralite, Uii, Ivii, cxxiv. 


Bhatakri ; calcite-vein, Ixxxi, chalce- 
dony and quartz, Ixxxi ; miliolite- 
mound, Ixxxi ; onyx, Ixxxi. 
Bhatwari Uhar, xxxi, xxxii ; felsite» 
xxxiii, xxxviii, xUii, Iv. 

Bhavawari Dhar, xxii. 

Bhavpura ; altered-Iava, xcvi, ci ; coral- 
rock, xcvi ; shell-sand, xcvi, ci. 
Bhayani Dhar, clxix. 

Bhil Dhar, xlvi. 

Bhil Jhar, xlvi, 

Bhod , xiv. 

Bhomiawadar, Ixxix; bedded-lavas, 
Ixxix ; miliolite-scarps, Ixxviii, Ixxxiv, 
Bileshwar, clxxxvi, cxcUi. 

Bileshwari Vokala, clxxxii, clxxxvii. 
Bindweeds, sedges and grasses, clxv. 
Blasting and Drilling, clxxx. 

Blowm-sand, xcviii, clxiv ; alluvial, clxxvi ; 
cancellations in, clxv, clxviii, clxx ; 
consolidated, cxxxviii, cxUi, cxlv, 
clxvi ; Qorsar, clx ; inland dunes of, 
clxvi ; Madhavpur, clxv ; Miani, ci; 
Navi bandar, cUv ; Padardi, clxxvi. 

Boda Talav Khan. xUi. 

Bokhira, xxxv, cxxii, cxxiii. 

Bora Dubba, xxx. 

Bordi, xvi, xvii ; coarse, strong grano- 
phyres, xviii, xix, xliii ; Cocachia 
Dhar, clxxxv ; Dhar^ka-Dhardi, 
XX ; felsitic sand, xx ; miliolite, 
clxxix ; Railway-station or loading 
platform wanted, clxxx, 

Boricha, xUv, xlv, xlvi. 

Brahmachari’s^wari Kadach, clxxii. 
Brecciated-conglomerate, v, vi ; lateritic, 
cxii ; miliolitic, xxxiii. 

Buldh Bara, evil. 

Bulimus, cxlv. 

Bungalow ; Headquarters, i, ii, v, 
xxvi ; Kandorna District, xxv, 

clxxviii ; Khambata, clxxxi, clxxxv ; 

Navibandar, cUii ; Sathvlrda Nes, 

clxxxiv. 

Bute a frondosa, Ixxix, cxcii. 
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c 

CALCAREOUS conglomerate, v, xii. 

Calciferous sandy-stone, c, 

Calcite, small vein, Ixxxi, Ixxxiv. 

Calder, C. C., XXXV. 

‘Calyx’ boring drill, civ, clxii. 

Camp* Station I, i-vi ; II, vi-xvili ; III, 
xix-xxiv ; IV, xxv-xxxviii ; V, xxxviii- 
xliii ; VI, xliii-Iix ; VII, Ix-lxx ; VIII, 
Ixx-Ixxvi ; IX, Ixxvi-lxxxv ; X, Ixxxv- 
xciii ; XI, xciii-civ ; XII, civ-cxii ; 
XIII, cxii-cxxii ; XIV, cxxii-cxxxiv ; 
XV, cxxxiv-cxli ; XVI, cxli-cxlvii ; 
XVII, cxlviii-ciiii ; XVIII, cHii-clix ; 
XIX, clx-clxiii ; XX, clxiv-clxxi ; XXI, 
clxxi-clxxiv ; XXII, clxxiv-clxxviii ; 
XXIII, clxxviii-clxxxi ; XXIV, clxxxi- 
clxxxvii ; XXV, clxxxvii-cxcv. 

Capparis aphylla^ cxlix, 

Cardiujity xcvii, cxl, cxliv, cxlv, clvii, clxxv. 

Carex indica^ cviii. 

Carex-zone of sand-dunes, clxx. 

Carissa carandas^ clxxxii. 

Cassia aiiriculata^ xxiv, xlv, cxcii. 

Cave ; Cocachia-ka»Bhoira, xxi ; 
Qhojhara»ka-Bhoira, xxi ; Jam* 
buvanti Bhoira, vii, viii, x. 

Cement Works, Porbandar, cxxviii. 

Cerithium, xcvii, cxlv, clxxv. 

Chagaro Dhar, clxxxii. 

Chalcedony, Ixxxi, Ixxxiii, Ixxxix. 

Chamodra Nes, clxxxv. 

Chandrawara in Navanagar State, 
Ixxxix, 

Charcoal from Acacia sertegal^ lx tv. 

Chart, coloured geological, cxxxiv, 

Chatrawao in Junagadh State, clxxiii. 

Chatties^ — earthen utensils, — clay for, 
cxxxvii ; red and black, cxlix. 

Chaya, cxxxiv-cxli ; stone— sub-aerially 
consolidated blown-sand, — c x x x v, 
cxxxviii, 

Chingarla, clxii, sub-recent consolidated 
shell-sand, clxii, clxiii. 

Chirora-ka-Tobra, cxl, cxli. 

Chorkhada Dhar, xlii ; Khan, xliii. 

‘ Ckorsi ' miliolite, xi, 

Chunam;natural, cxxxviii, cxxxix; pits, iv. 


City, — Porbandar,— creek, iii, cxxxix. 

Clays; Potters’, cxvi, cxxi, cxxxvi, cxxxvii; 
cxxxix ; sandy and marly, clxxxiii. 

Cleaved rocks, basalts, Ixxxii, Ixxxiii; 
dykes, xiv, Ixxxiii, Ixxxv ; grano- 
phyres, xx, xxxix, clxxxiv, clxxxvii, 
clxxxix, 

Cocachia Dhar, xx, xii, xlii, xliii, clxxx, 
miliolite, clxxix, 

Cocachia-ka-Bhoira, xxi. 

Coconut-palms, crowded plantation, clxiv. 

Columnar jointing, xxxii, Ixii, Ixxi, Ixxii, 
clxxxiv. 

Concretionary lime, cxlvi, cxlvii, cUi, 

Conglomerate ; brecciated, v, vi ; calcare- 
ous, v, xii; coral-reef, cxi; fossiliferous, 
xxxvi; miliolite, xix, xliii, xliv, xlvii, 
xlix ; shelly and coralliferous, cxlvi. 

Consolidated blown-sand, cxxxvii, cxlii, 
cxlvii, clix, clxiv, clxix, clxxi. 

Consolidated sand-dunes, cliv, clxv, clxvi, 
clxviii. 

Consolidated shell-sand, ii, iv, xxxvi, xliv, 
cvii, cviii, cx-cxii, cxxii, cxxxiv, 
cxxxix, cxlii, cxliv, cxlvi, cxlvii, cliii 
cliv, clxi ; thick beds, cxlvii. 

Consolidating shell-sand, iv, v, cviii. 

ComiSy cxliv, cxlv. 

Coral ; Gaj-zone, Alaswana Vokala, Hr, 
Ivii; Babadeshwar Mandir, Ivii, 
Simani, liii. 

Coralliferous and shell-sand limestones, 
cxxxvii, cxl, cxli, clxiv, clxv, clxix, 
clxx, clxxi. 

Coral-lime ior pan-sup ari^ cvii. 

Coral-reef; conglomerate, cxi; re-calcified 
inland, cvii, cxi ; Vifiawara Creek- 
mouthy cvi. 

Coral-rock ; as building stone, cvii ; 
Bhavpura, xcvi, c; Miani, ci ; 
Ranghawao, cxl, cxli ; Visawara, 

cvi, cvii. 

Cornish-powder for blasting, Ixii, 

Corslte, Ixi, 

Creek : Bhadar, clu ; City, hi, v, cxxxix ; 
Meda, xcii ; Ranawao Road, Por- 
bandar, V ; Tunkra, cxlih ; Visa- 

•a wara, cvi, cvii. 
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Cryptostegia grandiftoruy cxd. 

Crystals, secondary, cixxxv 

Cvclasy cxlv. clxviii, clxxv. 

D 

DAMODARDAS Printing-house, Raj- 
kot, cxxxlii. 

Daya Lagdhir, ‘ Kumhhar’y (potter), of 
Katela, cxvl. 

Deccan-Trap ; Aniali, clxxix ; E. base of 
Barda Hills, clxxxvili; Mokal, cxlvi. 

Oegam, cxvui, cxxii-cxxvi, lii. 

‘ Degam-stone,’ cxx ; fossiliferous con- 
glomerate, cxx, cxxii, cxxiii. 

Delodar, cixxiii, cIxxLv-clxxxv. 

Delta, Wartu river, xcix. 

Dendro calamus s t rictus y clxxxii. 

Deposits, lacustrine, clxxxiii, clxxxvi. 

Detrital-soil, xiv, xv^i ; rich, xUv ; with 
miliolite-drift, cxlv, cxlvi. 

Dhabukli Nuddy, xlii. 

Dhangawa Vokala xix, xxiii, clxxix. 

Dhar, — Hill, — Anajio, cix ; Bhado liii ; 
Bhatwari, xxxi, xxxix ; Bhava- 
wari, xxii ; Bhayani, clxix ; Bhil. 
xlvi ; Chagaro, clxxxii, cixxxv ; 
Charkhada, xlii, xliii ; Cocachia, xx, 
xli-xliii, clxxix, clxxx ; Dhanak, xxv, 
xxvii, clxxix ; Dhedio, xlix ; Dhordi, 
xlv ; Dhori, clxxxi, cixxxv ; Fa- 
kada, clxxv ; Gab! Pir, Ixii, Gadhia* 
clxxxii ; Gelanser, clxxxiii ; Ghoda- 
Lanki, Ixi, Icxciii ; Gudazali, xlix ; 
Qured, Ixi, cxciii ; Hadio, cxc; 
Hathia, clxxxvi; Jaderra, clxxxi ; 
Jerickhfa, xiv, xl, xli ; Kambiala, 
cxciv ; Kari, cixxxv ; Khoria, x, xl ; 
Ladha, clxxxvi ; Malak, 1 ; Mohr 
Chupra, xi ; Nagarari, xciv, xcix ; 
Ranasar, cxcii ; Vija, xxi; Vasal iya, 
Ixiv. 

Dharfaria Dungar, xliv, xlv. 

Dhedio Dhar, xlix, 1, Ivi. 

Dhordi Ohar, xlv. 

Dhori Dhar, clxxxi, cixxxv. 

Dhorio DhubhO, orbicular granophyre, 
Ixi. 


Diary, digest of, for June, * 

July, 1915, iii-xxviii ; August, i 9 * 5 > 
xxix-xxxiv; September, I 9 i 5 > xxxiv- 
xxxvi ; October, 1915, xxxvi-xlvii ; 
November, 1915, xlv'ii-lxx ; December, 

1915, Ixx-cii ; Januar}*, 1916, cii-cxxvi ; 
February, 1916, cxxvi-cxxxii ; March, 

1916, cxxxiii-cxlvii ; April, 1916, cxlvii- 
clxxviii ; May, 1916, clxxix-cxcv. 

Dichrostachys cineria^ cxcii. 

DiosPyros discolor y xxxv. 

District Bungalow, Kandorna, xxv, 
clxxviii. 

Dittmar, Dr., analysis of sea-water, 
cxxix. 

Dock-work stone, xli. 

Doli Talav, xlvi, xlix. 

Dorivav, xxxii. 

Drift, milioUte, Ixxiii, cxlix. 

Drill, calyx for boring, civ, clxii ; diamond, 
clxxx. 

Dudedawali Jhar, Ixii. 

Dunes, xcv, cviii, cxvii, cli, cliv, clvii, cUx, 
cl xiv. 

Dungar^ — Mountain, — Babia, cixxxix ; 

Bhatwari, xxxix ; Dharfaria, xliv ; 
Dudjhara, xviU ; Jerickhia, xiv, xl, 
xli ; Kaladongar, cxc, cxciv ; Khara 
Vira, xxxii; Malak, Ixii; Mohr 
Chupra, Iv ; Piara, xvii, xli ; Suli- 
na-Pani, Ixiv, clxxxiv. 

Durbargadh, Miani, Ixxxix. 

Dwarka Group of beds, xxxvi, xxxvii, 
xcv, xcix, cx, cxi, cxiv, cxv, cxviii, 
cxx, cxxiii, cxI, cxlii, cxliii, cxliv, 
cxlvii, cxlviii, cl, cliii, cliv, civ, clviii, 
clix, clx, clxi, clxii, clxiii, clxv, clxvi, 
clxix, clxx, clxxi, cixxiii, cxciii ; 
coralliferous and shell-sand lime- 
stones, cxxxvii ; coral-reef, cvi; coral- 
rock, xcvi, ci, cvi, cvii, cxi, cxli; dark 
limestones, liii, Ivii, cxxiv, cxxvi ; 
porous, tough and coarse, clxvi ; 
rubbly shell-sands, cxxxiv ; ruddy 
limestones, cxxvi; shelly limestones, 
cxxvi; variability in, civi, clxv, clxvi. 
Dwarkadish Gardens, Bokhira, xxxv. 

Dyar, xxiii. 
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Dyke- Rocks, cleaved, xiv, xx, xxxix, 
Ixxxii, Ixxxiii, Ixxxv, clxxxiv, clxxxvii, 
clxxxix. 

Dynamite for blasting-, Ixii. * 


E 

ECONOMIC plants, cxcii ; stones, cxxvii. 
Edible caper, cxiix. 

Egrets, clxxxiii. 

Elevation of the land, cliv. 

Eocene age of laterite, xli\ . 

Epigene reactions, cxciii. 

Erda, clxxvi. 

Erratic blocks of granophyre, xlviii. 
Eugenia lanceolata, clxxxii. 

Euphorbia Nereifolia, cv, cx ; gutta-percha 
from, clvi. 

Euphorbia Tirucalli^ Ixxvi, 

Evaporated salt, cxxiii, cxxvi, cxliii, 
cxIvU. 


F 

FAKADA Dhar, clxxxv, cxciii. 
False-bedded Dwarka-beds ; Balej, clviii ; 
building-stone, civ ; dark buff-grey, 
purplish and black, lUi, Ivii, cxxiv,^ 
cxxvi ; Madhavpiir, clxvii ; shell- 
sand, cviii, cxii, cxxi. 

False-bedded Miliolites, Kandorna, xxvi ; 

Miani, cii ; Ranawao, vii. 

Fatal Talav Nes, cxcii, cxciv. 

Fatana ; bedded-lavas, Ixxxi ; quarry, 
Ixxxi, Ixxxv. 

Fedden, F., xxxviii ; on well-sinking, 
Ixxvi. 

Felsite ; Bhatwari Dhar, xxxiii ; Bhil 
Jhar, xivi, xlvii; granophyric, xxxiii ; 

Mohr Chupra Dungar, No. 2, 

Ixvi ; ornamental, xvii, xviii, xli, 
clxxxix ; spherulitic, xvii, xviii, 
clxxxix. 

Feisitic earth, xxiv. 

Felsitic sand, Alaswana Jhar, Ivi ^ 
Bordi, XX ; Khambala Talav, 
clxxxiii ; Vijfaria Jhar, clxxxvii 
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Ferry ; Kundli-ka-Tar, clxxiii ; Navi- 
bandar, cli, clii. 

Ficus BengalensiSf cii, clxiv. 

Ficus Tsiela^ Ix. 

Fissile lava, xci, cix, cxii. 

Flagstones ; Dwarka-Group, cxviii, cxx, 
cxxxv’ii ; fossiliferous, cxii, cxlii, 
cxliv ; thick, civ, clix. 

Flamingoes, xcvii. 

Flood of 1914 at Kadach, clxxii. 

‘ Flora of the Barda Mountain’, xxxv. 

Fossiliferous, Gaj, Conglomerate, xxxvi, 
civ, cv, cxxvi. 

Fossils ; Dwark-Group. cxxi, cxxv ; Gaj- 
Group, xxxvi, civ, cv, cxxvi ; recalci- 
fied, clxxii ; Recent, cxliv, cxivii. 

Freshwater Algce ; 2oospores, clxxxiii, 
cxcii. 

Freshwater Reservoir, site for large, 
clxxvi. 

Fringing coral-reef at Vhwwara, cvi. 


G 

GABl PIR Dhar, Ixii. 

Gadhia Dhar, clxxxii, clxxxv. 

Gaikedi Jhar, xlix. 

Gaj (Miocene) Group of beds, iii, iv, vi, 
xxxvi, xcv, xcvii, c, ci, cviii, cx, cxii, 
cxviii, cxxi, cxxiv ; fossils, xxxvi, 
civ, cv, cxxvi. 

Gared Dhar, cxciii, cxciv. 

Garej, civ, clvii, clxxiii. 

Gelanser Dhar, clxxxiii. 

Gems, clxxxv. 

Geodes ; Onyx, Ixxxiv ; siliceous, Ixxxix. 

Geological Chart, — coloured, — of Por- 
bandar State, cxxxiv. 

Geological Survey Headquarters, i, 

ii, v, xxvi. 

Ger or Freshwater Marsh, liii, Ixxxv; 
alluvium of, liii, Ixxxv, cxiv, cxxiv. 

Ghoda-Lanki Dhar, cxcii, cxciv. 

Ghojhara Dungar, xviii ; Khan,— Milio- 
lite quarries, xxi. 

Glauconite, coating stem-like amygdales, 
xc. 
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Goani Khan, xiii. 

Godhana, Ix-Ixx ; geological structure, 
lx ; Hinkasar talav, lx ; limestone- 
limit, lix ; miliolite, lx ; State jun- 
gle-reserve, 1, Ixi. 

Qorsar, clx ; Blown-sands, clx, clxviii. 

Qorsar Nes, thick Dwarka-beds, clxii, 
clxiii. 

Gosa, cxlih ; consolidated blown-sand, 
cxlv, cli, 

Granophyres ; alteration products in, xiv, 
xviii ; analysis of typical, cxxviii ; 
Asiapat, clxxxix ; Babia Dungar, 
clxxxix ; Bhil Jhar, xlvi; Bileshwar, 
clxxxvii ; black grey, xi, xiv, xx, Iv ; 
bleached, clxxxv ; blue-grey, xiii, xiv, 
xvi, xviii, xxxiii, xiv ; Bordi, xix, 
clxxx ; brown-grey, xvi, xviii, xxxiii, 

1, Ivi, clxxx ; chemical analysis of, 
cxxviii ; cleaved, xx, xxxix, xliii ; 
coarse-grey with yellow products of 
alteration, xiv, xviii ; Cocachia Dhar, 
xx, xxii, xli ; dark-grey, x, xiv ; 
Dhori Dhar, clxxxvii; dyke by Rail- 
way-line, xxxii ; Fakada Dhar, 
clxxxvii ; Gadhia Dhar, clxxxvii ; 
Ghoda>=Lanki Dhar, cxcii ; grey, 
x, xviii, xlvi, Iv ; Kaladongar, cxciv; 
Lad ha Dhar, clxxxvii ; light-grey, 
Ixii ; Malak Dungar, h i, cxciii ; 
miarolitic, Ixii, Ixvi, clxxxvi, clxxxvii ; 
orbicular, Ixi, Ixvi ; outliers, xvii ; 
pink, xi, xiv, xx, Iv, clxxxvi ; 
Polahpana Bhint, Ixvi ; ‘ Rana- 
wao-Range’, ix ; sand of decompos- 
ed, X ; Sathvirda Nes, clxxxiv, 
clxxxvii ; smoke-black, xx ; snowy- 
white, XX ; spherulitic, x ; Vijfaria 
Jhar, clxxxiv, clxxxvi ; whitish- 
grey, xix, xxiv. 

Granular-jointing of lavas, Ixxix. 

Gravelly-stone, cvii, cxii. 

Great Salt Marsh, xxviii, cxxiii, cxl, 
cxlv, clvii, clxix, clxxii, clxxiii, clxxiv. 

Gritty limestone, cxiv, cxv. 

Gudazali Dhar ; sound grey grano- 
phyre, Iv. 

Gudazali Dungar, xlviii, Iv. 

Gum-arabic trees, Ixiv. 


Gutta-percha from Euphorbia nereifolia. 
Gypseous mud, ci. 

Gypsiferous alluvium, xcix, ci. 

Gypsum, poor selenitic, xcix, ci. 


H 

H.'EMATITIC ; pellicle on felsite, xxxiii; 
earthy-ore, xcviii. 

Hadio Dhar, cxc, 

HAJJI EsMAIL, HaJJI DADA, xxxiv, XXXV, 
xxxviii, xl, xlviii. 

Hard water, xiv. 

Hathia Dhar, clxxxv. 

Hathiani ; Dera or Temple-ruins, xcviii, 
cix, cx ; Vokala. xcviii, 

Hathia in Navanagar State, Ixxii. 

Head-quarters of the Geological Sur- 
vey, Porbandar, i, ii, v, xxvi, cxxxvi. 

Helices^ cxlv. 

Hcliofrnpiitm ; indicuniy cviii ; marifolium^ 
clviii ; ovalifoliiim, cxvii, 

Herodias garzetta and H, intermedia^ 
clxxxiii, 

Hinkasar Talav, lx, Ixiii, 

Hog-backed hills yielding road-metal, 
Ixxxvii. 

Hugli Vokala, clxxv, clxxviii. 


I 

INDIAN ATLAS of the G. T. S., clxxiv. 
Indian ‘pearl-ash,’ clxxxviii. 

Indigo, wild, Ixxvii, 

Ingersoll-Rand Company, cxxvi, cxxvii. 
Inland blown-sand dunes ; consolidated, 
clxv. 

Ipomcea biloba, cviii, cxvii, cliv, clvii. 
Ireland, orbicular structure, Ixi. 
Iron-bearing shells of basalt spheroids ; 

Majiwana, Ixxv ; Nagka, Ixix. 

Iron mines ; Bakharla, lii ; Bard la, cxlv; 
Ranawao, xiii. 

Iron-ore in granophyre, clxxxix. 
Iron-smeltings from Ranawao, xli. 
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Irrigation proposals, clxxvi. 

Irrigation talavvis.r\ted for SIsfi, Ixxxix. 
IswarJa, Ixxix. 


J 

JADERRA Dhar ; white, -bleached, — 
granophyre, clxxxi. 

JAIKRISHNA Indraji, Botanist, XXXV. 

Jambu ; jungle, clxxxii, cxc. 

Jambuvanti Bhoira, vii, xxxiv. 

Jamla in Junagadh 5tate, clxxiii. 

Janga Bet, cxi. 

Javantara Gara, xvii, xvili, xli, cxciii. 

Jerickhia Dungar, xiv, xl, xli. 

— ravine,— Alaswana, xlix, 1 ; Bhil, 
xlvi ; Dudedawali, Ixii ; Gaikedi, 
xlix ; Krishna, clxxxix ; Malak, 
Ixiii, Ixxi ; Nur, cxc ; Ranasar, 
cxcii ; 5ij, xlv ; 5ij No, 2, lx, Ixiii ; 
Vandhra, Ixi, Ixiv ; Vijfaria, 
clxxxiii. 

Jointing; columnar, xxxii, Ixii, Ixxii, 
clxxxiv ; cuboidal, Ixxvii; granular, 
Ixxix; polyhedral, Ixxi, Ixxv, Ixxviii ; 
reticular, Ixxiii, Ixxviii, Ixxix. 

Jujube, wild, cxci. 

Junagadh State, xxiii, clxxiii. 

Jungle-jambu, clxxxii, cxc. 

K 

KADACH, clx, clxiii, clxviii, clxxi- 
clxxiv ; alluvium, clxi ; Brahma* 
chari’s wari, clxxii ; floods of 1914, 
cixxh. 

Kaladongar, cxc, cxciv. 

Kamad Nuddy, Ixxxviii. 

Kamblala Dhar, cxciv. 

Kandorna, xxiv, xxv, xxvi, clxxvi, 
clxxviii. 

Kaolinisation, xxiv. 

Karachi ; Municipality, xxxii, xxxiv xl, 
xlviii, clxxx. 

Karaunda, clxxxii, cxc. 

Kari Dhar, clxxxv. 


Katela, cxii, cxxii. 

Kathiawar, lakeless, clxxxiii. 

Katwana, xlvii, li. 

Kerala, clxxvii. 

Keseo, cx. 

Khatnbala, xxix, xxxii, clxxviii, clxxix, 
clxxxi-clxxxvii; talav, clxxxii, clxxxiii; 
village, clxxxv. 

Khambhodar, Ixvii, Ixx-ixxvi ; Dwarka- 
beds, Ixxxvi, xcii; milioiite-drift, Ixxiii. 

Kkan^ — Quarry, — Babudi, cixiv ; Babudi 
No. 2 , clxxi ; Boda Talav, xiii ; 
Chorkhada Dhar, xlii, xliii; Qho- 
jhara, miliolite, xx ; Goani, xiii ; 
Khari, cxix, cxxii ; Khetlia, ii ; 
Mithi, cxxxvii ; Veler, clxvi. 

Khapat, iii. 

Khara Vira Dungar, xxxii. 

Khara Vira Nes, clxxxiii. 

Khari Khan, cxix, cxxii, 

Khetlia Khan, abandoned, ii. 

Khijdar, xxvi. 

Khijdo trees, xliii. 

Khimeshwar Dera, — Ancient Temple, — 
cxvii. 

Khirasra, xix, xxii, xxiii, xxiv. 

Khistri ; rhyolite ndge, Ixvii ; wild-date 
palms, Iviii. 

Khokhri Parab, cxl. 

Khoria Dhar, x, xl, xlix, 

Kindarkhera, Ixxi; ‘regur’ soil, Ixxxvi. 

Kolikhara, hi, xii, xxxvih, cxxv, cxxvh. 

Krishna, vii. 

Krishna Jhar, clxxxix. 

Kumbhars or native potters, cxxxvii. 

Kunchri, cxvh, clxii. 

* Kunchri-stone,’ cxvhi, cxxi, clxi, 

Kundli-ka-Tar, ferry, clxxiii. 

Kunwadar, Ixxii ; basalt dyke, Ixxiii, 
Ixxxviii, 

L 

LACUSTRINE deposits, clxxxiii, clxxxvi. 

Lakeless Kathiawar, clxxxiii, 

Lai Bungalow, Porbandar, the resi- 
dence of H. H, The minor Rana 
Saheb, h. 
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Land reclamation, clxxii, clxxvi. 

Laterised rocks ; amygdaloidal lava of the 
contact-zone, xc; fossiliferous Gaj and 
Dvvarka conglomerates, c, cxii ; 
miliolite, ciii, cxiii, cxv. 

Laterite ; Anajio Ohar, cix ; Bakharla, 
xllv, xlvii, lii, Ivi ; Bardia, cxiv ; 
boundaries near Tukra, cui; calca- 
reous alteration vein, c ; conglo- 
merate, c, cxii, cxviii, cxxv, cxxvi ; 
pisolitic, ciii, cxiv, cxv; Ranawao, 
xlii, xliii; Sirinagar, cxvi, cxxi; 
Tukra, xciv, xcv; Visawara, cviii. 

Lavas, — amygdaloidal and compact, — 
Bakharla, Kii ; Fatana, quarry, 
Ixxxii ; Morana, ixxvii ; Morwara, 
cix ; road-metal, Ixxix, Ixxv ; Singra, 
Ixxxiii, Sodhana, Ixxvl, 

Lea, Measham, M. Inst, C.E., Chief 
Officer and Chief Engineer, Karachi 
Municipality, xxxii. 

Level Datum Pillar, Miani, xcvi; milio- 
iite, ci; shell-sand, ci. 

‘Light-red,' cxiv. 

Lime, — stone for kilning into good, — cxliv, 
clxvi. 

Limestone ; arenaceous, cii, cxxi; concre- 
tionary, cxlvi, cl; Dwarka-Group, 
refer to D; ferruginous, xxviii; Gaj- 
Group, refer to G; gritty, cxiv, cxv, 
cxxi; marly-ferruginous, xxviii; Milio- 
lite, refer to M ; russet, cxxii ; sandy, 
xii, xxxvi, evil, cxviii; shaloid, xxviii. 

Limestone-limit; Adatiana, xxxviii; 
Bileshwar, clxxxviii; Qodhana, lix, 
lx. 

Limonitic-limestone, refer to Gaj-Group. 

LithodomttSt cxliv, clvii. 

Little Cormorants, clxxxiii. 

Lizards, agamoid, clxiv. 

Loading-platform wanted for Bordi. 

M 

MACADAMISING material, Ixxv, Ixxix. 

M‘Cully, R. E. J., cxxviii. 

Machinery for quarrying and mining, 

cxxviii. 


Madhavpur, clvi, clxi, clxiii, clxiv-clxxi. 

Madhavrai-Meda^ — Hindu fair, clxiv. 

Madressa Library, xxxiii. 

Magnesium chloride, cxxiii, cxxix. 

Majiwana, Ixxiv, Ixxv, Ixxxiv, 

Malak Dhar or Dungar ; granophyre 
q uarry •> sites, I, li, Ivi ; granophyric- 
felsite, h i, Ixxi ; Jhar, Ixiii, Ixxi ; 
5purs, 1, Ixi, Ixii ; Vokala, Ixv, 
Ixxi, 

Malak^na-Wao, clxxxiv. 

Male-bamboo, clxxxii. 

Mallards and other wild-fowd, Ixxvii. 

Mander, clxviii, clxix. 

Ma?igifera indica^ clxxxii. 

Mango-tree, clxxxii, clxxxviii. 

Marine-drift, clxviii. 

Marly and sandy clays, clxxxiii. 

Marsh, the Great Salt, xxviii, cxxiii, 
cxl, exU, cxiv, cxivii, cli, clvii, clxix, 
clxxii, clxxiii, clxxiv, 

Marshalls Limited, cxxvii. 

Meda Creek, xcii, xciv, xeix, 

Mesolite, Ixxxiii, 

Metamorphism, dynamic, xxxii. 

Miani, xciii-cii ; consolidated shell-sand, 
xcii, xciii ; coral-rock, xcvii ; Durbar* 
gadh, Ixxxix, xciii ; level datum 
pillar, xcvi ; mangroves, xcvii ; mili- 
olite, xcii, xciii ; salt-marsh gypsum, 
xeix ; salt-marsh soil, xciv ; sea-fowl, 
xcvii ; shell-sand, xevi,^ xcvii. 

Miarolitic granophjres, Ixii, ixiii, Ixvi, 
clxxxv. 

Miliolite-limestone ; Adatiana-heights, 
viii, X, xi, xliv, cxxx-cxxxiv; Adwana, 
for lime, Ixxx ; age of, ix ; altered, 
cxxxix ; Anajio Dhar, cix ; analysis 
of, cxxviii ; Aniali, clxxix ; Arniala, 
cxxv, cxxvi ; Asiapat, clxxxvii ; 
Bakharla, laterised, Ivii; Bharwara, 
Ivii, Ixxxvi, xcii ; Bhatwari Dhar, 
xxxi, xxxiii ; Bhomiawadar scarps, 
Ixxviii ; Bordi, clxxix ; brecciated, 
xxxiii ; buff, x ; chemical analysis of, 
cxxviii ; Chorkhada Dhar, xlU ; 
* Chorsi xi ; coarse, x ; Cocachia 
Dhar, xxi, xxii, clxxix; conglomerate, 
xix, xliii, xliv, xlix, Ivi ; Dharfaria 
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Dhaff xliv ; drift, Ixxiii, cxlix ; Ghoj- 
hara Dhar, xxi; Qodhana, lx, Ixvi ; 
grades of, cxxx-cxxxiv;highest- grade, 
X ; Kandorna, xxvi, clxxix ; Khani< 
bhodhar, drift, Ixxiii ; Khirasra,xix, 
xxiii ; limit, xxxviii, xl, xliv ; Khistri, 
Ixix ; laterised, ciii ; Miani, xcii, 
xcvi, c, ci ; Mokal, drift, cxlix ; 
Morana, Ixxvii ; Nagka, Ixvi ; 
‘ Nasakitty^ xi ; Palakra, cxiii, cxv ; 
Pleistocene age of, iii ; Quarry-rail- 
way, vii ; Ranawao, clii ; ruddy- 
buff, X ; Sajanawata Nes, cxci ; 
Sij Jhar, Ixvi ; Siniar, Ixxix ; 
Sodhana, Ixxvii ; sub-marine origin 
of, viii ; Tukro, ci ; Vandhra Jhar, 
Ixi, Ixiv ; Victoria Jubilee Bridge, 
xxxvi; Wachhora, ixv; Wartu-river 
scarps, Ixxviii ; * yellow-stone,’ xi. 

Milk-bush, Ixxvi, 

Mimiisops hexaiidra^ clxxxii. 

Minsar river, xix, xxiii, xxv, clxxix. 

Miocene, xcv, xcvii, xcviii ; fossils, xxxv, 
cxxiv, civ ; limestone, refer to Gaj ; 
sea, xlii. 

Mithi Khan, cxxxvii, cxxxviii. 

Mitrala, clxxiii. 

Mocha, clx, clxiii, 

Mohr Chupra Dhar or Dungar, xi, xl, 

Iv ; No. 2 , Ixiv. 

Mokal, cxlv, clxvi, clxviii-cUii. 

Molliisca, cxl. 

Monsoon floods, clxxiv. 

Morana, Ixxvii, Ixxxiv. 

Morwara, Ixxxi, Ixxxv-xciii ; amygdaloi 
dal lava, xciii ; cleaved-basalt dykes, 
Ixxxiii ; compact bedded-Iava, xcii ; 
long dyke, Ixxxiii, Ixxxv, xcii ; ultra- 
siliceous ground, Ixxxix. 

‘ Mother-liquor’ from salt-pans, cxxiii. 

Motor traction-wagons, cxxviii. 

Mud ; alluvial, cxxxvi, clvii ; river, clxxv ; 
skippers, cliii. 

Mul Dwarka Dera, cii. 

Mulmadhavpur, clxv, clxvi. 

Municipality of Karachi, xxxii, xxxiv, xl, 
xlviii, clxxx, 

Mytty clTii. 


N 

NAGARARI DHAR, xciv, xcix, c. 

Nagaria, in Navanagar State, ixxx. 

Nagka, Ixv ; basalt spheroids, Ixix ; 
fawn-coloured rhyolite, Ixvii ; rhyolite 
ridge, Ixxi, Ixxii. 

Naliadhar-ka-Tobra, xv, xvi. 

Naliadhar State-jungle reserve, xiv, 
xv, xvi, xviii, xix, xli. 

Naonara Talav, xc. 

Napoleonite, Ixi. 

Narrative Report on the Economic Geo- 
logy of Porbandar State, i-cxcv. 

‘ Nasakia miliolite, xi. 

Nathu Haja, Patel of Kate la, cxv. 

Native potters, cxxxvii, 

Natrolite, Ixxxiii. 

Natural-chunam, cxxxviii, cxxxix. 

Navanagar State, Ixxi, Ixxii, ixxvii, 
Ixxx, Ixxxviii, Ixxxix, cxc. 

Navibandar, clii, cliii-clix ; dunes, cHv ; 
ferry, clii ; sand-spit, cliv. 

Nawagam, hamlet, xxxviii, 

Nawagam or Rajpura, cii. 

‘ Ncsy — Shepherds’ Station, “Azmapat, 
cixxxix ; Chamodra, clxxxv ; Fatal 
Talav, cxcii ; Khara Vira, clxxxiii ; 
Khoriar, clxxxiv; Sajanawala, cxci; 
Samlawadar, xxiii , Sathvirda, 
xlvi ; Thori=virda, clxxxiv. 

‘ Kuddy\ — river. — Bhadar, clii ; Dha= 
bukli, xlii ; Kamad, Ixxxviii ; 
Paisani, Ixx. 

Nur Jhar, cxc. 

Nutwarpura, Ixx, Ixxi, Ixxiii. 


O 

OBLIQUE lamination, cviii. 

Obsidian, Ixxi-lxxiii, 

Occluded creek of Tunkra, cxliii, cxlvii, 

Ojat-river, clvii. 

Onyx, Ixxxi, Ixxxiv. 

0pu7itia Dilleniiy Ixxvi, 

Orbicular granophyre, Ixi, Ixvi, clxxxv. 

Orio-vokala, Ixv, Ixxii. 
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Ornamental-Stone ; felsite, xvn, xviii, xli ; 
g-ranophyre, 1, clxxxv ; limonitic- 
limestone, xxxviii. 

Osirea^ xcvli, cxl, cxUv, clxxv. 

Oubliette-like quarries of Chaya, cxxxv. 
Oyster-bed of raised-beach, cii. 

P 

PADARDI, clxxvi; blown, alluvial sand, 
clxxvi ; decayed lavas, clxxvii ; talaVt 
clxxvii. 

‘ Pahlia ^ — memorial stone, — Palakra, 
cxiv ; S. ofTukra, xcviii. 
Painted-stork, clxxxiii. 

Paisani-ntiddy, Ixx, Ixxi. 

Palace of Rana Saheb, lii, v, xxxvii, 
cxxxviii. 

Palakra, laterite-conglomerate, cx ; li- 
monitic-limestone, cx, cxiil ; miliolite- 
base, cxiii ; yellow-ochre, cxiii, cxviii, 
Pahidina^ Ixxxvi, cxlv, clxvii, clxxv. 

Pdn supdri^ — betel-leaf, areca-nut and 
lime, chewed by natives, — coral-lime 
for, cvii. 

Panch Dera of Miani, ell. 

Pandawadar , cxxiv— exxvi. 

Paramoecia^ cxlix. 

Parewara, lx xviii. 

Paria Dhar : basalt-spheroids, Ixix-Ixxi ; 

rhyolites, Ixviii, Ixix. 

Pata, clxii, clxih, clxviii. 

Patario-vokalat Ivhi. 

'Pdts^' — steps, — cxc. 

‘ Pearl-ash,’ Indian, clxx xviii. 

Pelicans, xcvii. 

Periophthalmiis koelreiUeri, cliii. 

Phalacroco rax javmiicus^ clxxxiii . 

Phoenix sylvestris at Khistrli Iviii. 

PholaSi cxliv, clvii, 

Photomicrog-raphic apparatus, cxxix, 
Piara Dungar, xvii, xli, cxciii. 
Pindiralite, xxxvi, xxxviii, liii, xcv, xcviii, 
c, ci, cviii, cx, cxxiv, exxvi. 

Pipal arboratum, Kadach, clxxl, 
Pipal-trees, lx, Ixx, clxxi. 

Pisolitic laterite, ciii, civ, cxiv. 

PlanorbzSj Ixxxvi, cxiv, cxlviii. 


Pleistocene ; early, c ; miliolite, iii ; sea, 
clxxxviii. 

Pilocene ; Dwdrka-beds, civ ; fossil-bed, 
exxv ; newer, c. 

Polahpana Bhint, Ixii, Ixiii. 

Pongamia glabra ^ clxxxviii. 

Porbandar ; cement works, cxxviii ; 
City, i, iii, xxiv, xxvi, xxxiv, xxxviii, 
lii, exxvi, cxxxiv, cxxxvi, cliv, clxh. 

Por bander State ; “ Narrative Report 
on the Economic Geology” of, i-cxcv. 
Porphyritic-felsite of Ranasar Dhar , 
cxcii. 

Post-Pliocene, Dwarka-beds, xxxvi. 
PotamideSj Ixxxvi, clxxxiii. 

Potters ’-clay ; for chatties, cxxxvii, cxxix 
cxlix, clii ; for native roofing-tiles 
cxlix, clii ; for superior earthenware, 
cxvi, exxi. 

Prickly-pear, Ixxvi. 

Products of alteration, clxxv. 

Prosopis spicigera^ xliii, 
prospecting drill, civ. 

Province of Kathiawar, clxxxiii. 
Pseudo-cleavage, xxxii. 

Pseudo-laterite, lii. 

Pseudomorphosis, clii, civ. 

Pseiidotantalus leiicocephalus^ clxxxiii. 

Q 

QUARRY ; • Chaya-stone,’ cxxxv ; com^ 
pact bedded-lava, Fatana, Ixxxi ; 

‘ Degam-stone,’ exX ; ‘Kunchri-stone, 
cxviii ; ‘ Porbandar-stone,’ refer to 

miliolite-limestone, Tunkra shell- 
sand, cxliv. 

Quarry-sizes ; Fakada Dhar, clxxxiv ; 
Qodhana, Ixiii : Malak Dhar, Ivi ; 
Polahpana Bhint, Ixvi. 
Quarry-water, Ixxxii. 

Ouartiz, Ixxxi, Ixxxiii, Ixxxix, 

R 

RABARIKHIRA, consolidated shell-sand 
quarry, clxi, clxiii. 

Rabari Nes, — Shepherds’ quarters, — of 
Chaya, cxxxvi. 
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Raised-beach, cUx, clxxi, 

Rajinahal-road, Porbandar, Iv. 

Rajbura-ruins, cxxv. 

Rana Saheb, H. H. The Minor, Ixx, 
cxxxviii, 

Rana 5aheb’s Palace, iii, iv, v. 

Ranasar; Dhar, cxcii, cxciv ; Jhar, 
cxcii; Talav, cxcii, cxciv. 

Ranawao, Hi, vi-xviii, xxxvHUxliH ; iron- 
smelting's, xli ; laterite, xlii, xlin, 
cxlix; Railway-line, xxxii, xl; range 
of granophyres, ix ; road, iv, cxcHi, 
cxcv ; station, vH, xH, xiii, xiv, xvi, 
xviii, xxvi, xxxi, xxxiv, xxxviii, xl, 
xlin, xlviii; tOWO, iv, vi, xxix, xxxviii, 
xl, xliii, clxxxii, clxxxv. 

Ranghawao, cxxxix, cxl. 

Rangpur, old-site, liv, 

Ratari, cvii, cviii, cxiii, cxiv. 

Ratia, clvi, clvii. 

Ratia Nes, civ, clvi. 

Rawal in Navanagar 5tate, Ixxxviii. 

Recent shells, cxliv, cxlvii, clxviii, clxx, 
clxxviii. 

Reclamation of the Great 5alt Marsh, 
clxxii, clxxvi. 

Red and Black ‘ earthenware 

utensils,— cxlix. 

Register of rocks, cxxvii. 

Registered samples, provisionally named, 
ii, iv-vi, x-xvi, xviii-xx, xxii, xxiv, 
xxvi, xxviii, xxxiii, xxxvi, xxxvii, xlii, 
xlvii, Iv-lvii, Ixv-lxvii, Ixix, Ixx, Ixxiii, 
Ixxxiv, Ixxxv, xcii, xciii, c-cii, civ, 
cxi, cxii, cxv, cxxi, cxxii, cxxvi, 
cxxx-cxxxiv, cxxxviii, cxxxix, cxli, 
cxlvi, cxlvii, clii, cliii, cUx, clxiii, 
clxix-clxxi, clxxiv, clxxviii, clxXxi. 
clxxxvi, clxxxvii, cxciii-cxcv. 

‘ Regur'-soil ; Bakharla, Iv ; Khambho- 
dar, Ixx, Ixxiv ; Kindarkhera, 
Ixxxvi ; Nagka, Ixv ; Wachhora, 
Iviii. 

Rena war a, cxviii ; Gaj fossils, cxxi, 
cxxili, cxxiv. 

Reservoir, site for large freshwater, 
clxxvi. 

Reticular jointing in lavas, Ixxviii, Ixxix, 


Rhyolite ; banded, Ixviii, Ixix, Ixx, Ixxii, 
Ixxiii ; Bawawao, Ixix ; columnar, 
Ixxii ; fawn-coloured, Ixv, Ixvii, Ixix ; 
grey, Ixx ; indurated, Ixxii, Ixxiu ; 
Khistri- ridge, Ixvii, Ixviii ; lithoidal, 
Ixxi, Ixxii, Ixxiii ; Nagka-ridge, Ixxi, 
Ixxii ; obsidian, Ixxii ; Paria Dhar, 
Ixviii, Ixix ; Rojhra, Ixxi. 

Ripping Ammonite, Ixii. 

Rip rap, Ixxvi. 

River ; Bhadar, clii, clxxiii ; Minsar, 
xix, xxiii, xxv, clxxv, clxxvi, clxxix ; 
Ojat, clvii. 

River-gravel, consolidated, cv, cxi. 

River-sand, Ixxxiv, xcii, cxi. 

Road-making machines, cxxvii. 

Road-metal ; bad, xii ; basalt dyke rocks, 
xci ; basalt-shingle, Ixxxii, Ixxxiii, 
Ixxxvii, Ixxxviii ; compact lavas, 
Ixxix, Ixxx, Ixxxviii, xciii ; good, xv ; 
granophyres, clxxx, clxxxv ; high- 
grade, 1, Ixii ; miliolite used for, xxviii, 
xli. 

Roches mouto7in^es dunes, cviii, clviii, 
clxxvi. 

Rock-plains ; bedded-Iavas, Ixxviii, xci, 
xciv, xcviii ; Dwarka-beds, clxxi. 

Rocks, register of, cxxvii. 

Rojhiwara, Ixxix, Ixxxiv. 

Rubber, cxci. 

s 

SAJANAWALA NES, cxci, cxciv. 

Sakhpur, yellow-ochre, xcviii, cx, 

Satak Tobra, cxiii ; white limestone, 
cxlH, cxlvii. 

Salt, evaporated, c xxiii, cxxxvi, cxliii, 

5alt-Marsh> or Waste, the Great; 

xxviii, cxxHi, cxl, cxli, cxlv, cxlvii, 
cxlviii, cli, clvii, clxix, clxxii, cIxxHi, 
clxxiv. 

Salt-pans, cxxii, cxxiH, cxxvi. 

Samlawadar Nes, xxiii. 

Sand ; blown, xcviii, cii, cHv, clx, dxiv, 
clxv, clxxvi; decomposed granophyre, 
X ; felsitic, xx, Ivi, clxxxii, clxxx, 
clxxxvii ; river, Ixxxiv, xcii, cxi ; sea- 
beach, cvi, cvii, cxi, cxlvii, clix, clxiii. 
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Sand-dunes, xcv, cvni, cxvii, cxliii, cH, 
cliv, civil, clix ; in land consolidated, 
clxiv, clxvi, clxix. 

Sandy-bar or spit, cliv. 

Sandy, marly clays, clxxxiii. 

SarwanI Wao, 1 ; granophyre, Ivi. 

Sathvirda Nes, xlvi, clxxxii, cixxxiv, 
clxxxv. 

Scar of Gelansar Dhar, clxxxiii. 

Sea ; Miocene, xlii ; Pleistocene, clxxxviii. 

Sea-fowl at MianI, xcvii. 

Sea-sand, cvi, cvii, cxi, cxlvii, clix, clxiii. 

Sea-water, chemical analyses of, xcix, 
cxxix. 

Secretariat, State, xxxiii. 

Sedges, clviii. 

Shells, Recent, cxliv, cxlvii, clxviii, clxx, 
clxxviii. 

Shell-sand ; coarse and loose, cviii, cxii, 
cxxxiv, clxx ; consolidated, refer to 
C ; consolidating, iv, v ; Sub-recent, 
iii, cxix, cxxii, clxii, clxiii, clxviii. 

Shelly-limestone, — Dwarka Group, — cxxi, 
cxxii, cxxvi, cliii. 

Shivsinhji, Kumar Shri, cxviii, cxxii. 

Shoveller, duck, clxxxiii. 

Sij Jhar, xlv ; No. 2 , Ix, Ixiii. 

Sikasa, civ, civii. 

Simani, lii, liii, cxviii, cxxiv. 

Simar, IxxvHi, Ixxix, Ixxxiv. 

Singra, Ixxxii, Ixxxiii, Ixxxv. 

Sifinagar, cxiii, cxiv, cxv, cxvi, cxviii. 

Sisal hemp, clxxii. 

Sisli, Ixxiii, Ixxv, Ixxxiii, Ixxxv, Ixxxix, 
xc ; site for talav, Ixxxix. 

‘ Sleepin’-stane’, Ixii. 

Sodhana, Ixxiv, Ixxvi-Ixxxv ; miliolite, 
Ixxvii, Ixxxiv ; Wartu -river over- 
flows, Ixxvii, 

Soil; deep bedded-lava, Ixxx, Ixxxviii; 
fertile detrital, xiv, xvi ; limonitic-lime- 
stone, ci ; red lateritic, ci ; salt-marsh, 
xciv, c ; volcanic, clxxvii. 

5orti=nuddy, Ixxix, Ixxx. 

Spatula clypeata. clxxiii. 

Spheroidal bedded-lava, peculiar, xci. 

Spheroidal shrinkages, xxxii, cixxxiv. 

Spherulitic felsite, xvii, xviii, clxxxix. 

Spurs from Malak Dhar, 1. 


Stagnant underground water, cxlviii, 
cxlix, clxxvii. 

State-engineer, xxxii, xxxiv. 

State-jungle reserve ; Adatiana, xliv, 
Godhana, 1; Naliadhar, xiv-xvi, 
xviii, xxix, xli. 

5tate-5ecretariat, xxxiii. 

Stem-like amygdales, xc. 

Stone-breaking and sorting machines, 
cxxvii. 

Stones economic, — strong, durable and 
ornamental, — cxxvii. 

Stork, the painted, clxxxiii. 

Stromhus gigas^ cxvi, cxxi. 

Sub-aerially consolidated blown-sand, 
cxxxvii, cxxxix, clxiv, clxv, clxvii. 
Sub-aerially consolidated shell-sand, cxix, 
cxxii, cxxxvii, cxiii, cliv. 

Sub-Recent and Recent elevation of the 
land, cliv. 

Sub-Recent fossil shells, xciv, c, cxix, 
cxxxvii, cxliv, cxlvii. 

Suli-na-Pani, Ixiv, cixxxiv. 

Sultanpur, xvi, xix, 

Sundrawadar, old-site, Ixxxiii, Ixxxviii. 
Surface-drainage, conservation of, cxlviii. 
5weden, orbicular structure, Ixi, 

Sweet Karaunda, clxxiii, 

Symons, R. Sydney, Manager, Cement 
Works, Porbandar, cxxviii. 

T 

TACHYLYTE at Morana, Ixxvii, Ixxxiv. 
‘Ta/rtT/,’— Reservoir, — Balvi, cxxxvi, Del- 
odar, clxxv ; Doll, xlvi ; Hinkasar 
lx, Ixiii ; Khambata, clxxxii, clxxxif ; 
Mokal, cxlviii ; Naonara, xc ; 
Padardi, clxxvii ; 5isH, good site 
for, Ixxxix ; Ranasar, cxcii. 

Tanner’s Cassia, xxiii, xlv, Ixxvii, 

* Tchiitri ' or Umbrella-babul, xxiv, xxxi. 
Teak, Bastard, Ixxix, cxcii. 

Tellina, xcvii, cxI, civii, clxxv, 

Temri, — old-site, — Ixx, Ixxi. 

Termites' mounds, xliv. 

Tertiary Period, iii. 

Thorania-vokala, clxxxii, 

Thori=virda Nes, cixxxiv. 
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Travellers’ Bungalow, Navibandar, 

cliv, 

Tukra, xciv ; laterite, xcv. 

* Tukralite,’ xcv, c, ciii. 

Tunkra, cxliii ; small quarry of good 
consolidated shell-sand, cxliv. 
Tiirritella^ cxliv. 

U 

ULTRA-SILICEOUS ground, Ixxxix. 
Umbrella-babul, xxiv, xxxiv. 

Underground water-level ; Bapodar, cl ; 

Ranawao, cl ; Wadwala, cl. 
Underground, water-supply, Ixxvi; stag- 
nant, cxlvi, cxlviii, cxlix, clxxvii ; 
water-level of the great dyke, 
Ixxxviii. 

Unio, Ixxxvi, clxvlii. 

Untra, clviii. 

Uromastix hardtvickei^ spiny-tailed lizard, 
clxv, 

V 

*VAN,’ Madhavpur, clxiv. 

Vandhra Jhar, Ixi, Ixiv. 

Variations in Dwarka-Group beds, clvi. 
clxv, clxvi. 

Vasaliya Dhar, Ixiv, Ixvi. 

Vasara Vokala, clxxxii. 

V^egetables at sea-side, cxvii, clviii. 

Veler Khan, clxvii. 

Venus ^ cxliv. 

Victoria Jubilee Bridge, xxxvi, xxxvii, 
xxxviii. 

Vija Dhar, granophyres, xxi, xxii. 

Vijfaria Jhar, clxxxiii. 

Vijfaria Vokala, clxxxii, clxxxiii. 
Vinjal Kot, xlvii, xlix. 

Vinjhrana, xlvii, 

Virawao, clxiii. 

VirpUr, iv, cxciii, cxcv. 

Visawara, cii, civ-cxii. 

Vokala \ Alaswana, liv ; Bileshwari, 
clxxxii, clxxxvii ; Dhangawa, xix, 
xxiii, clxxix ; Hathiani, xcviii ; 
Hugli, clxxv; Malak, Ixv, Ixxi; Orio, 
Ixv, Ixxii ; Patario, Iviii; Thorania, 


clxxxii ; Vasara, clxxxii ; Vijfaria, 
clxxxii, clxxxiii ; Wandana, iv. 

V^olcanic soil, clxxvii. 

W 

WACHHORA, ‘regur' soil, Iviii. 

Wadala, Ixxxix, xc; basalt-dyke, xcviii; 
laterite-con glomerate, c, 

Wadwala, xxviii, cl. 

Wagons, motor-traction, cxxviii. 

Walotra, xxiii, xxiv. 

Wandana Vokala, iv. 

Wartu River ; delta, xcix ; miliolite 
scarps, Ixxviii; narrows, Ixxxvii ; 
overflows at 5odhana, Ixxvii ; rip- 
rap, Ixxvi, Ixxvii ; sand, Ixxvii. 

Water-level, underground, Ixxxviii, cl. 

Water-supply, surface, cxlviii. 

Watson and Sons, Limited, 313, High 
Holborn, London, cxxix. 

Well-shafts sunk alongside of basalt 
dykes, Ixxvi. 

White granophyres, xx, clxxxi, clxxxv. 

Wild-ducks at Visawara, cv. 


Y 


YELLOW decayed felsitic earth, xxiv. 
Yellow iimonitic-limestones, xxxviii ; refer 
also to Gaj, 

Yellow-ochre; Palakra, cxiii, cxiv, cxv; 
Sakhpur, xcviii, ci. 

Z 

ZEOLITES, Ixxxix. 

Zeolitic amygdales, Ixxxvii, cxci; stem- 
like, xc. 

Zeolitiferous lava, Ixxxiii, 

Zisyphus nummularia^ cxcii. 

Zizyphus xylopyrits, cxcii. 

Zoospores of Algce^ clxxxiii, cxcii. 




INDEX TO THE QUARTERLY REPORTS. 

Scientific and Vernacular Names are printed in Italics \ Names of Persons in 
Small Capitals ; Names of Places in Thick Type and Names 
of Subjects in Ordinary Type. All Numbers refer to Pages. 


A 

ABAPURA Dungar, Barda Hills, 6 7. 

Aberdeen, grey granite of Riibislaw 
Quarries, 3. 

Abyssal rocks classified, 3. 

Acacia plariifrons, 10. 

Acid lavas, 4, 35, 38, 85, 119, 133-136; 
molten-magma, 4; viscosity of, 14. 

Adatiana- Heights, i, 18, 19, 25, 48, 65, 
100 ; brecciated and concretionary 
conglomerate, 53 ; grey granophyre, 
1 13, 1 14; highly ornamental holocry- 
stalline granophyre, 114 ; limestone- 
limit, 25, 52 ; main-miliolites, 48 ; 

ornamental spherulitic felsite, 100 ; 
Tertiary depression, 15 ; village, 52. 

Adodar, 69 ; seolian consolidated sands, 
69, 70, 89. 

Adye, E, Howard, F.G.S., etc., i, 3, 
6-8, 14-16, 18, 20, 25, 26, 39, 54, 57.59, 
81, 96, 131, 136, 143, 145. 

i^olian sands, Adodar, 69 ; Miani, 60. 

Agamoid lizards’ burrows, 67. 

Agate, moss, 83. 

Age, geological, bedded-lavas, 13, 81 ; 
Dwdrka beds, 86 ; Gaj beds, 86 ; 
hypabyssal rocks, 93 ; laterites, 28 ; 
miliolites, 17, 91 ; rhyolites, 38. 

Alech Hills, 6-7, 14, 96. 

AlgcBt laminarian-zone, 18, 47 ; Lithotham- 
nioHy 92, 14 1, 142 and most sediment- 
ary rocks of littoral- marine, origin, — 
gttod vide. 

Allothigenous constituents, 139. 

Alluvial deposits, backwater and salt-pans 
site of Porbandar, 64 ; Chaya, 66 ; 
freshwater Ger or Great Northern 
Marsh, 62 ; Great 5alt Marsh, 64, 
73 y gypseous, 60 ; saliniferous mud 
of Miani, 60. 


Aloe vera or Barbados-aloe at Porbandar 
City and Pata sea-shore, 77. 

Altered rocks : — amygdaloidal basalt of 
Sajanawala Nes, 123. 125 ; coarse 
granophyre of Babia Dungar, 109 ; 
•fissile amygdaloidal basalt near Mor- 
wara, 125, 126 ; grey-green chemi- 
cally metamorphosed bedded-Iava of 
Bhavpura, 126; laterites, quod vide i 
palagonite, 119, 130, 165, 166; stem- 
like contact-zone of bedded-lava at 
Morwara, 128-129 ; white grano- 
phyres of Jaderra Dhar and Kari 
Dhar, no. 

Aluminium-ore, bauxite, 31, 129, 132, 
America, United States of, light 
volcanic rocks or rhyolites used as 
building-stones, 36, 135; orbicular 

granites, in. 

Amygdales, altered, 123-125 ; calcite, 82; 
coated with silicides of iron, 83; silice- 
ous, 82; zeolitiferous, 82. 

Amygdaloidal lavas, 82, 83, 122, 123-125 ; 
altered, 1 23-125 ; ornamental, 83; 
porosity of, 83 ; zone, 82. 

Analyses, chemical, Barda Hills rocks, 
94 ; miliolite, 58 ; ' mother-liquor * 
from salt-pans, 72. 

Analyses, optical, see ‘ Petrographical 
Determinations,’ 90-166. 

Andesites, 4, 

Applied petrology, 2. 

Aragonite, 151. 

Arenaceous-limestone, Gaj, 147, 

Artesian well-shafts, Bhad, 74 ; for the 
elevated parts of the Great 5alt 
Marsh, 73. 

Arthropoday 143. 

Asiapat, altered lavas, 85, 123-125, 

Asiawadar, old-site, bedded-lavas and 
miliolite-base, 71. 
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Astarte hyderahadensis^ 142. 

Augite, clastic grains in blown-sand, i66 ; 
constituent of igneous rocks, see 
* Petrographical Determinations, ’ 90- 
166; segregation of granules, 125, 

Authigenous constituents, 139. 

B 

BABADESHWAR Temple, dark 
Dwarka limestones, 64. 

Babla Dungar, 99 ; altered coarse 
granophyre, 109, 

Babudi Kban near Madbavpur, 

consolidated blown-sand, 76. 

Ball-diorite of Corsica, 1 1 1. 

Bapodar, alluvium, bedded-lavas, miliolite- 
base, 71. 

Barbados-aloe, sea-shore at Pata and 
Porbandar City, 77. 

Barda Hills, 6,7,14, 25,39; Abapura 
Dungar, 6-7 ; building of the, 40, 41 ; 
Cretaceo-Eocene, 40 ; foci of eruption, 
14, 40; Gdj-limestone clastic units in 
miliolite of, 65 ; geographical position, 
39; geological age, 40; succession of 
rocks, 90, 

Basalt, 2, 4; altered, 123-125, 126, 128, 129; 
amygdaloidal or upper-zone, 122; 
Bakharla, 137; clastic units of in some 
miliolites and other limestones, quod 
vide \ densely black, 137, 138 ; dykes, 
*37» 13S; fine-textured, 137; Kun- 

wadar»Majiwana*Sisli dyke, 138; 
polyhedrally jointed, 137 ; road-metal, 
137» 138. 

Basic-glass of lavas, 130, 

Basic-lavas, 4, 35, 38, 85, 136-138; dykes, 
85, 136-138 ; mobile, 14, 38; molten- 
magma, 4. 

Bauxite, 31, 129, 132, 

Bedded-lavas, 13, 8i, 119-133; age of, 13, 
1 19; alteration, 84; amygdaloidal, 122; 
Aslawadar, 71; Bapodar, 71; com- 
pact-zone, 120-122; contact meta- 
morphism, 84; *country-rock,' 40; 
Deccan-Trap Period, 120; Kandorna, 
71; laterisation, 27; locale, 84; meta- 
chemic changes, 27; Alokal, 70, 71; 


physiographical features, 84; upper- 
zone, i22;\Vadwala, 71; zones of, 81. 

Bhad, alluvium, 74. 

Bhadar River, 74, 75. 

Bhado Dhar, consolidated shell-sands, 
152, 153; Gaj-limestone, 64; light and 
dark-brown, purplish and black 
Dwarka-limestones, 64. 

Bharwara, 42, 64, 86, 142; coral-zone 
142; Gdj beds, 62. 

‘ Bharwaralite,’ newly named ornamental 
limonitic-limestone, 42, 62, 86; micros- 
copic structure, 146. 

Bhatwari Dhar, incipient spheruUtic 
felsite, 96-98. 

Bhavnagar, 41. 

Bhavpura, chemical metamorphism of 
basalt, 126. 

Bhil Jhar, 26, 53. 

BJioira^ — cave, — Jambuvanti, 49. 

Black volcanic-glass, 18, 33, 34, 35. 

Blanford, Dr. W. T., LL.D., F.R.S., 
A.R.S.M., 40. 

Blast-furnaces, for local iron-smelting, 31. 

Blown-sands, conservation of, 54, 57, 58, 
64; consolidated, 66, 68, 89; geological 
Importance of, 76; plants concerned in 
the conservation of, 76,77; Sub-recent, 
89. 

Bokhira, Dwarka flagstones, ^ 44; Ga] 
fossiliferous beds revealed by new 
well-shaft, 15, 

Bole, 26, 131. 

Bordi, suggestion for Railway-station or 
loading platform-siding, 99, 117. 

Bosses, 4. 

Brecciated conglomerate, 20, 43. 

Breynia carinata^ 142. 

Brick, microscopic structure of, 26, 

Bridges, piers of, 84. 

Brissopsis^ sp,, 142. 

Brucite, Lemberg's microchemical tests, 

145* 

Bryozoa. 92. 

Building-stones, consolidated* shell-sands, 
45; ‘Degam-Stone,' 45; Dwdrka flag- 
stones, 45; ‘Kunchri-stone,’ 45;laterites. 
31; miliolites for elevations, 2; 
rhyolites, 36. 
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c 

CALCITE, amyg-dales, 82; secondary 
matrix in mosaics or fibrous in both 
sedimentary and sub-aerial rocks, see 
‘ Petrographical Determinations,’ 
90-166. 

Calcutta, 51. 

Carapace of crab, 143. 

Cardixim triforme ^ 142. 

Carter, Dr., 46. 

Cassis sp., 142, 

Cement Company, Indian, Porbandar, 94, 

Centric systems, 6-7, 11, 12, 105. 

Cephalopoda^ 142. 

Cerithium rude^ 142. 

Ceylan, use of laterite for building, 31. 

Chalcedony amygdales, 82, 124, 

Chart, coloured geological, 20, 25, 42, 48, 
81. 

Chaya, consolidated blown-sand, 66, 89, 
163, 164; consolidated shell-sand 

breakers and flagstones, 66, 154, 155; 
geological section, 38; sand-dunes, 66, 

‘Chaya-stone,’ blown-sand sub-aerially 
consolidated, 66, 89, 163; causes of 
perforations in, 67; market value and 
uses, 68; microscopic structure, 89, 
164 ; oubliette-like quarries, 66, 67. 

Chela of crab, 143, 

Chemical composition of rocks^ 2, 7 ; 
Bhatwari Dhar stone, 96; hypa- 
byssal, 94, 98; miliolite, 58; ‘mother- 
liquor’ of evaporated sea-water, 72. 

Chemical metamorphism, 126. 

‘ China-clay’, production by kaolinisa- 
tion. III, 

Chirora-ka-Tobra, false-bedded decayed 
miliolite, 69. 

Chotila Hill, 46. 

Chunam, natural, 68. 

Cidaris depressa and C. granulaia, 1^2, 

City-creek, Porbandar, consolidated 
shell-sand, 151, 152. 

Cladocora sp., 142. 

Clastic units or derived particles, 59 ; 
importance of comparative sizes of, 
163; ‘ Petrographical Determinations’, 
90-166. 


Cleaved basalt of Slsli, 138. 

Cleaved felsites, Ranasar Talav spur, 
99 ; ^ajanawala Nes, 98. 

Cleaved porphyritic granophyre of Dhori 
Ohar, 107. 

Cleaved structure, in felsites, 98, 99 ; 
hypabyssal rocks, 98, 

Clilfs of miliolite, Diu Island, 47 ; 
Jaferabad, 4^. 

Clyfe aster depresses j 143. 

Coal-black obsidian, 133, 134. 

Coastal borderland, geological structure 
shown by diagrammatic sections ; 
see ‘ List of Plates.’ 

Cocachia Dhar, granophyres, 1 17. 

Ccelenterata, 142. 

Colombo, 51. 

Colour-changes in rocks, 26, 27, 95. 

Colours and signs, conventional, on the 
Geological Chart, 20, 25, 42, 48, 53. 

Columnar jointing, 5, 122. 

Commercial products, G^j Group of beds, 
42. 

, Compact-zone of bedded-lavas, 83 ; econo- 
mic products, 84;o]ivine-basalt,i20-i22. 

Concretionary deposits, 162 ; miliolite- 
base, 92, 93. 

Conglomerates, Dwarka beds, 10 ; fos- 
siliferous limonitic-Iimestones of the 
Gij beds, 16 ; laterite, 28 ; Recent, 
89 ; Sub-recent, 89. 

Conservation of coastal blown-sand, 54, 
57> 58, 64; plants concerned in the, 
76, 77 * 

Consolidated blown-sands, 66, 77, 78, 89, 
162, 163. 

Consolidated shell-sands of the Dwdrka 
beds, 10, 17, 21, 63, 66, 69, 87, 150 ; 
Bhado Dhar, 152, 153 ; Chaya, 
near shore, 154 ; Khar! Khan, 162 ; 
microscopic structure, 151-162 ; 
Mulmadhavpur, 157 ; Navibandar, 
87* 156 ; Porbandar City-creek, 
151 ; Rabarlkhira Khan, 158, 159; 
seashore breakers, 150, 15 1 ; 

Tunkra, with pronounced fibrous 
calcite matrix, 87, 155, 156. 

Consolidated shell-sand. Sub-recent, 44, 

63- 
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Consolidating raised-beaches, 162. 
Consolidation, intratelluric and effusive 
periods of, 126, 138. 

Contact metamorphism, 84 ; laterised 
basalt, 128 ; rhyolites, 33, 37. 
Contact-zone of bedded-lavas, 84, 130. 
Convolvulus pes-caprce of Roxburgh, 7^* 
Corailiferous limestone, 43, 47. 

Coral-reef, fringing, 159 ; recalcified, 6t, 
150 ; Visawara, 43- 
Coral-rock, 43, 47, 150. 

Corals, clastic units of in most Tertiary 
and Post-Tertiary sedimentary and 
sub-aerial rocks, see ‘ Petrographical 
Determinations’, 90-166. 

Coral-zone, Bharwara, 142, 

Corsica, m. 

Corsite or orbicular-diorite, m. 

‘ Country-rock’ of the Province, 40. 

Crab, carapace and chela of, 143. 

Creek, Meda, 43 : Porbandar City, 
65, 69; Visawara, 43. 
Cretaceo-Eocene, 13, 19, 40* 

Cretaceous Period, 13 ; bedded-lavas, 84 ; 
Upper, 40. 

Crustacea^ fragments, 143, 144. 
Cryptocrystalline structure, 6-7, 9, 10, 37» 

95» 97- 

Cryptographic intergrowths, iz. 
Crystallites, 37, 97, 134. 

Cucula trigonalisy 142. 

Curbstones, etc,<, 84. 

CyPsTiis Totundus and C. stolonif^yiis^ 7^* 
CypTCBCi humcTOSu and U. ncisittci^ 142. 
Cyprina sp,, 142, 


D 

DACITES or quartz-bearing andesites, 4. 
Dark volcanic rocks, 85, 136-138. 
Deccan-Trap, 13. ^ 9 y 120. 

Degam, 43, 44* 63, 86. 

Degam-stone,' 45, 63, 86, 87, 150 ; micro- 
scopic structure, 87, ‘ List of Plates ; 
special uses, 64, 87. 

Delta of the Wartu river, 60. 
Denudation, 17, 40 ; prolonged, 40; sub- 


aerial, 1 8 ; Tertiary and Post-Terti- 
ary, 46. 

Deposits, aeolian, 18 ; Recent, 18 ; Sedi- 
mentary, 13; Sub-recent, i8. 

Depression of the coastal-borderland in 
Miocene times, 14; in the Pleistocene 
Period, 15. 

Derived or clastic particles, 59. 

Determinations. See ‘Petrographical 
Determinations,' 90-166. 

Detritus, 18. 

Devitrification of rhyolites, 37. 

Dhanak Dhar, 19; outlier ofhypabyssal 
rock, 71; porphyritic microcrystalline 
felsite, 103 ; see ‘ List of Plates ’ for 
diagram of geological structure. 

Hill,— Bhatwari, 96-98 ; Coca- 
chia, n7; Dhanak, 19, 71, 103; 
Dhebar, 96; Dhordi, 117, 118 ; 
Dhori, 107, 116; Qadhia, 105; 
Quredf m; Jaderra. no; Karl, 
no ; Khoria, 113 ; Ladha, 100. 

Dhebar Dhar In Navanagar State, 96. 

Dhordi Dhar, finely-textured porphyritic 
granophyre, 117, 118. 

Dhori Dhar, cleaved porphyritic grano- 
phyre, 107; finely-textured porphyritic 
granophyre, 116; typical granophyre, 

1 06. 

Dhorio Dhubho, spur from the mountain- 
massive near Qodhana, III. 

Diabases or hypabyssal basic rocks, now 
included under the group of dolerites, 
2,4. 

‘ Diagrammatic Sections ’ to show the 
geological structure of the ‘ Coastal- 
Borderland.’ See ‘List of Plates.’ 

Differences between felsites and rhyolites, 
37- 

Diminutive spheroids, 122. 

Diopside, a pale green, (colourless in thin 
sections), variety of monoclinic 
pyroxene, (augite), 125, 151. 

Diorites or abyssal holocrystalline rocks 
typically composed of soda-lime fels- 
pars, (oligoclase, andesine, labra- 
dorite), and hornblende, 3. 

Discoidal amygdales in fissile basalt of 
Wadala, 127, 
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Dittmar, Dr. W., analysis of normal sea- 
water, 72. 

Diu Island, milioHte cliffs, 47, 

Dolerites or hypabyssal hole crystalline 
rocks, typically composed of triclinic 
felspars and pyroxene, 4. 

Dolomite, Lemberg’s microcheraical tests, 
H5- 

Dolomitisation, 144, 145, 

Dolomitised limonitic-Iimestone, 144. 

Dora'-panay — white- stone, the native name 
for miliolite, 57, 66. 

Dosinia pseudo argusy 142. 

Drift, miliolite, 65. 

Duncan and Sladen, 142. 

Dunes, sand, 21, 8g; Chaya, 68 ; 

Khitnesh war Temple, 63; Kunchri, 
63 ; Miani. 60; Porbandar City, 63 ; 
Tukra, 61. 

Dungary — Mountain, — Babia, 99 ; Bhat- 
wari, 96; Mohr Chupra, 114; Piara, 
99. 

Durability of rocks, 7, 8. 

Dust, burnt volcanic, 26. 

Dwarka, sea-port of the Qaekwari 
Taluka of Okhamandal, 149. 

Dwarkadish«gardens at Bokhira near 
Porbandar City ; Gaj fossiliferous 
beds in new well-shaft, 15, 141. 

Dwarka Group of beds, 149-162 ; Adodar, 
rubbly and concretionary, 70 ; age of, 
42, 44; Balej, 75; Barda Hills, 86; 
Bhado Dhar, 45 ; Chaya flagstones, 
66, 154 ; commercial products, 44, 45 ; 
coastal borderland, 86 ; conformity 
of the Gaj and Dwarka Groups of 
beds, 149; consolidated shell-sands, 
87, 150; coralliferous limestones, 43, 
47, 61 ; Degam, 43, 44, 86, 87 ; 

Katela, 43, 44; IColikhara, 43, 44; 
Kunchri, 43, 44, 86, 87; Miani, 43, 
60 ; Navibandar, 75 ; Pata, 75; 
Plio-Pleistocene,42, 44 ; Ranawao, 43, 
44; Srinagar, 43, 44, 86; Sub-groups, 
149, 150, 159, 160 ; total thickness, 44 ; 
Tukra, 61; Tnnkra, 73, 155, 156; 
VIsawara, 86. 

Dykes, 4, 20; acid, 38, 85, 133-136; age 
of, 13 ; basic, 38, 85, 136-138 ; colum- 


nar jointing, 5 ; Eocene, 85 ; later 
eruptives, 20 ; light volcanic, 85, 133- 
136 ; peculiar jointing in small, 6 ; 
polyhedral jointing, 7 ; rhyolite, 
^5» 133-136 i small, 7 ; spheroidal 
shrinkages, 5. 


E 

EARLV-PLEISTOCENE, Upper Sub- 
Group of the Dwarka beds, 159. 

Earth, saliniferous, clayey and marly soil 
of the Great 5alt Marsh, 70. 

Earthenware, microscopic structure, 26. 

Earthy haematite, 26. 

Echinoderm remains, Gaj, 141, 146. 

Echinodermatay 142, 143. 

Echinnideay tissues of, 144, 1 51- 153, 155- 
158, 160, 162. 

Economic products, bedded-lavas and 
dykes, 5, 13, 8r, 84, 119, 133; Dwarka 
beds, 44,45, ^6, 8S; Gaj beds, 62, 

86; hypabyssal rocks, 4, 5, 20, 93, 94^ 
95, loo, no, in, 1 12, 114-117; milio- 
lites, I, 2, 57, 58, 90; sub-aerial rocks, 
68, 77, 78, 162-166, 

Ectocysts oi Poly so ay 144, 146, 147- 

Effusive period of consolidation, 126, 138. 

Elevation of the land since the Pleistocene 
Period, 70. 

* Embryonic ’ crystals, 97. 

Eocene Period, 13 ; volcanic activity in 
Early, 13, 84, iig ; Lower, 40, 136. 

Epidote, a mcnoclinic silicate of alumina, 
lime and iron-oxide with water ; 

usually here a product of alteration 
124. 

Erratic blocks of highly ornamental 
holocrystalline granophyre, 1 14. 

Eruption, foci of volcanic, 14. 

Eruptives, later, 20, 

Etna, Mount, 131. 

European geological record, 13, 19, 40. 

Evaporated sea-salt, 71. 

Evolution of laterite, 41. 

Excavations at Babudi Khan, Madhav- 
pur 76. 
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FALSE-BEDDED rocks, Dwarka beds, 
De£:ain and Kuncbri, 64 ; Salak 
Tobra, 69 ; miUolite-base, 20, 69. 

Fedden, Francis, A.R.S.M., F.G.S., 

16, 21, 39, 40, 42, 44, 46,61. 142, 149. 

Felsites, Bhatwari Dhar, 96 ; Bhil 
Jhar, 26 ; chemical composition, 
94, 98 ; cleaved, 98, 99 ; definition, 

9, 10, II? Dhebar Dhar, 96 ; 

difference from rhyolites, 37, 133 ; 
economic attributes, 95 ; ground- 
mass, 95 ; Javantara Gara, 99 ; 
Krishna Jhar, 99 ; ornamental, 95, 
99 ; physical properties, 9 ; Ranasar 
Talav, 99; 5ajanawala Nes, 98; 
Satavari Jhar, 8 ; specific gravity, 
37 ; spherulitic, 8, ii, 99 ; uses of, 9, 

Felsitic granophyre, 103 ; E N E. Of 
Ranawao Station, 104. 

Felsitic structure, 6-7, 8, 9 ; distinction 
from granophyric, 97. 

Felspar, 6-8 ; fibrils, 8, 1 1 ; intergrowth 
with quartz, 7, 8, 10 ; in nearly all 
igneous and a few sedimentary rocks, 
see ‘ Petrographicai Determinations ’, 
90-166. 

Ferro-magnesian minerals, 37. 

Fibrils of felspar and quartz, 8, 1 1. 

Fissile, amygdaloidal basalt near Mor= 
wara, 125, 126 ; amygdaloidal 

olivine-basalt at Wadala, 127, 128. 

Flagstones, ‘ breakers ' on the shore- 
line, 63 ; Chaya, 66 ; foraminiferal, 
161; pale-coloured, of the Dwarka 
Group, 64. 

Floors, strong attrition-resisting stone for, 

52. 

Flow-structure, rhyolites, 34, 35. 

Foci of eruption, 14, 40. 

Foraminifera, 12, 14-16 ; Bharwaralite, 

146 ; bottom-dwelling, 18 ; Dwarka 
beds, 15® • beds, iqi* ^44> *47 5 
miliolite, 92 • pelagic, 18 ; shattered 
in blown-sands, 89. 

Fossiliferous beds, Dwarka at Tllkra, 
61 ; Gaj at Bokhira, 15 ; Sirinagar, 
63, 141 ; Tukra, 61 ; Visawara, 61, 
141. 


G 

QAOHIA DHAR, typical well-developed 
granophyre, 105. 

Gaj Group of beds ; arenaceous limestone, 
147 ; basement beds, 140 ; Bokhira 
well-shaft, 65 ; ‘breakers’ along 
coast-line, 65 ; City-creek, Por- 
bandar, 65 ; clastic units in miliolites 
of Barda Hills, 65 ; clastic units in 
most Pliocene and Post-Tertiary 
rocks, — see ‘ Petrographicai Deter- 
minations’, qo-i66 ; commercial pro- 
ducts of, 42, 62, 86 ; conglomerates 
rich in fossils, 15, 61, 63, 65, 141 ; 
economic products, 42, 62, 86 ; QaJ- 
river in Sind, 140 ; locale, 85 ; 
Miocene age, 140 ; ornamental stone 
from, 15, 16, 63, 86, 141 ; over- 

lapping laterite, 41 ;Tukra, 41, 61 ; 
Virpur, 15 ; Visawara, 41, 6i, 62 ; 
yellow colour, 41. 

Gardens, Dwarkadlsh, Gaj beds, 15, 141. 

Geikie, Sir Archibald, O.M., K.C.B., 
D.C.L., LL.D., Sc.p., F.R.S., 144, 

Geodes, 82 ; moss-agate, 83. 

Geological Collection, additions to the 
State, 147. 

Geotectonic memoranda on the structure 

pf the Coastal- Borderland of Por- 
bandar State, 60-79. 

Ger or freshwater marsh, alluvium, 62. 

Girnar Mountain in Junagadh State, 

14- 

Glacial Period, 21. 

Glass, isotropic and devitrified. See 
‘ Petrographicai Determinations’, 
90-166. 

Glassy rocks, 10, 35 ; black obsidian, 35. 

Glohigerinidce y i4**5» 9 -j *5^1 *61. 

Glomero-porphyritic structure, i2i, 124. 

Godhana orbicular granophyre near,iii. 

Gorsar, consolidated blown-sand, 89. 

Gosa, blown-sand, 73 ; Dwdrka beds, 73; 
Sub-Recent consolidated blown-sand 
quarry, 73, 74. 

Grading of miliolites, 50*52, 59. 

Granites : —Abyssal holocrystailine rocks, 
composed essentially of more or less 
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even-sized units of alkali-felspar 
(potash or soda or both), quartz, and 
a ferro-magfnesian mineral (usually 
mica), with accessory constituents, 2, 
3 ; grey-granite of Aberdeen, 3 ; 
orbicular of America, Ireland and 
Sweden, m. 

Granophyres, or rocks composed essenti- 
ally of, or exhibiting a ground-mass 
constituted by a micrographic inter- 
growth of felspar and quartz. 
Abapura Dungar, Barda Hills, 
b-7 ; altered coarse rock of Babia 
Dungar, 109 ; analyses, 94, 95 ; 

‘ centric-systems’, 105 ; chemical 
analyses, 94 ; clastic particles in some 
miliolites and other limestones, see 
‘ Petrographical Determinations’, 
90-166 ; cleaved porphyritic of Dhori 
Dhar, 107 ; coarsely-textured rocks 
of the ‘ Heart-of*the-Hills’, 109 ; 
definition, 8, 12 ; erratic blocks of 
highly ornamental rock, 114 ; felsitic, 
.od ; grey rock of Qudazali Dhar, 
114 ; Khoria Dhar, 94, 113 ; and 
Sathvirda Nes, 109 ; highest grades 
of, 12 ; holocrystalline, 114, 115 ; 

optical analyses, 95 ; orbicular of 
Qured Dhar off Dhorio Dhubho 
near Godhana, 111-113 ; strength of, 
8 ; sub-holocrystalline of Vijfaria 
Jhar, 107 ; typical, of Wadwala, 
Alech Hills, 6-7 and Qadhia Dhar, 
105, 106. 

Granophyric structure, 6-7, 12 ; distinc- 
tion from ‘ felsitic 97. 

Gravity, specific Bhatwari Dhar 
incipient spherulitic felsite, 94, 96 ; 
slightly porphyritic granophyre of 
Khoria Dhar, 94. 

‘ Great Ice Age general depression of 
the province, 45. 

Great Northern Freshwater Marsh 

or Gety alluvium, 62. 

Great Salt Marsh, alluvium, 64, 70 ; 
area, 70 ; artesian-wells, 73 ; Dwrarka 
beds, 150; Madhavpur,75; reclaimable 
waste territory, 70 , 73 ; S, of Navi- 
bandar, 75. 
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Gudazali Dhar, sound and strong grey 
granophyre^ 1 14, 

Cured Dhar, orbicular granophyre, 
111-113. 

Gypseous alluvium, Miani, 60. 

(gypsum, selenitic, 60; precipitation of, 72. 


H 

HABARDl in Western Navanagar,28. 

Habardilite, ornamental laterite-conglo- 
merate, 28. 

Haematite, earthy, 26. 

Halopyrttm mucro 7 iatumy 76, 

Hardening of rocks, 26. 

Harker, Dr. Alfred, M.A., LL.D., 
F.R.S., P.G.S., 130, 145, 151, 160. 

Hathiani Temple, Gaj deposits, 62 ; 
j'ellow-ochre near, 148. 

Headquarters of the Geological Pur- 
vey, 19. 

Heights of Adatiana, 1, 18, 19, 25,48, 
53, 65, TOO, 1 13, 1 14 ; and of Chaya, 
163. 

Heliotropimn indiciim and ovalifolium y 77. 

Higher Tertiary or Pliocene Period, 17, 2J. 

Hinde, Dr. G. J., Ph.D., F.R.S., 
F.G.S., 144. 

‘ Hog-backed ’ hills, 13. 

Holocrystalline texture, 3. 

Hydrophylax maritimay 77. 

Hypabyssal rocks, 3, 4, 10, 20, 26, 93-119; 
age of, 13, 93 ; chemical analyses, 94; 
colour, 95 ; economic, 95, 113 ; opti- 
cal analyses, 95, 

Hypocrystalline texture, olivine-basalt, 
120-122 ; rhyolite, 135. 

I 

4 CE AGE’, subsidence of the province, 45. 

Iddingsite, i2t. 

Igneous or Massive-rocks, 4 ; age, 13 ; 
tests for sound, 5. 

Incipient laterite, 26. 

Incipient spherulitic felsite, 96-98 ; ac- 
cessory constituents, 97 ; composi- 
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tion, 94, 96 ; gravity, 94, 96 ; struc- 
ture, 97 ; uses, 96. 

Incoherent Sand ; decomposed hypabys- 
sal rock in cave called Jambuvanti 

Bhoira, iiS, 119. 

India, Peninsular, 13, 19, 40; cities 

of, 51. 

Indian Cement Company, Limited, 58, 
114. 

Indian Geological Record, 13, 19. 

‘ Indian-reds of commerce’, 15. 

Inland Gaj Group outcrops and exposur- 
es ; ‘ Bharwaralite’, 62 ; coral-zone, 
62 ; evidences of, 65 ; ‘ Pindaralite, 

62 ; yellow-ochre, 42, 62, 148. 
Intergrowths of felspar and quartz, 7, 
8, 10. 

Intermediate lavas, 4, 35. 

Intersertal structure, 120. 

Intratelluric period of consolidation, 126, 
138. 

Intrusive rocks, structure of, 5. 

Ipomoea hiloba ^ 76. 

Ireland, orbicular granites, iii. 

‘ Iron-mines' of Bakharla, 30. 

Iron-ores, 10 ; blast-furnaces for, 31 ; in 
granophyre of Babia Dungar, 109 ; 
lateritic, 30. 

Iron silicide, 83, 122. 

Irrigation proposals, 73. 

Isotropic glass, lo ; see ‘ Petrographical 
Determinations’, 90-166. 


J 

Jaderra Dhar, altered granophyre, no. 

Jaferabad, miUoUte cliffs, 47. 

Jam 5aheb’s Palace, Pindaralite, 86. 

Jambuvanti Bhoira, 49 ; decomposed 
hypabyssal rock of cave, 118, 119 ; 
palagonite scales, 119. 

Javantara Bara, ornamental spherulitic 
felsite, 99. 

Jhar,— gorge or gully,— Bhil, 26, 53 ; Sij, 
52 > 53 i Vijfaria, 107, 109. 

Jointing, columnar, 5, 122 ; peculiarity in 
small dykes, 6 ; polyhedral, 7. 

Judd, Professor J. W., 38, 121, 124. 


Jukes- Browne, A. J., B.A., F.R.S., 

F.G.S., 144. 


K 

KANOORNA, i, 19 ; miliolite-base con- 
glomerate, 19, 20. 

Kaolin and kaolinite, no. 

Kaolinisation, ni. 

Karachi, Municipality, 51, 96, 104, 116. 

Kari Dhar, altered granophyre, no. 

Katela,' Dwarka beds, 43, 44,63; flag- 
stones, 63. 

Kathiawar, 13, 17, 40 ; cessation of vol- 
canic activity during the Lower Eocene 
age, 136 ; elevation of the entire pro- 
vince, 17 ; Pleistocene forarniniferal 
limestone or ‘ Porbandar-stone'; Ter- 
tiary depression of the coastal border- 
land, 15. 

Keseo, Deccan-trap, 62 ; Gdj beds, 62. 

Khatnbala talav, 139. 

Khambhodar, 25 ; shaloid Dwarka lime- 
stone, 6^. 

Kharji — quarry, — Babudi near Madhav« 
pur, 76 ; Mithi, 63 . 

Khapat, 19. 

Khijdar, miliolite-base, 19. 

Khimeshwar temple, consolidated shell- 
sand pits, 162 ; raised beach, 63 ; sand 
dunes, 63. 

Khirasra, miliolite-base, 19. 

Khistri, rh\'olite dyke, 33. 

Khoria Dhar, analysis of granophyre, 
94 ; grey granophyre, 113 ; spherulitic 
felsite, 100. 

Kolikhara, 19 ; DwArka beds, 43, 44. 

Krishna, 49. 

Krishna Jhar, ornamental spherulitic 
felsite, 99. 

Kunchri, Dwdrka beds, 43, 44, 63, 64, 86, 
87 ; raised-beach, 63 ; sand-dunes, 63 ; 
Sub-Recent consolidated shell-sand, 77. 

‘ Kunchri-stone,’ 45, 63, 150 ; microscopic 
structure, 87 ; special uses, 64, 87. 

Kunwddar-Majiwdna-Sisli, dyke of dense- 
black basalt, 136, 137. 
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L 

LACUSTRINE mudstones, bed of Kham- 
balatalav, 139. 

Ladha Dhar, ornamental spherulitic fel- 
site, 100. 

Lamellibranchiata^ 142, 154, 166. 

Lamellibranchiate fossil-shells. Tukra, 61. 

Laminarian-zone, 18, 47. 

Lamprophyres : — Holocrystalline, hypa- 

byssal dyke-rocks with a subordinate 
silica percentag’e, but rich in alkalies 
and ferro-magnesian silicates, espe- 
cially of biotite or brown-mica, 4, 

Land, gradual elevation since the Pleisto- 
cene submergence, 70 ; fertility of 
elevated soil, 70 ; reclamation of the 
Great Salt Marsh waste, 73. 

Landmarks, geological, from Moka], 70. 

Laterisation of lavas, 25, 26, 29, 129, 131 ; 
of DwArka conglomerate and miliolite, 

29 » I 3 L 133- 

Laterite, age, 28 ; alum and aluminium, 31 ; 
aluminium hydrate, 27 ; aluminous 
silicates, 27 ; Bakharla, 27 ; bauxite, 
31, 132 ; breccia, 28 ; building-stone, 31; 
conglomerate, 28, 61 ; definition, 25 ; 
evolution, 41 ; ferro-magnesian sili- 
cates, 27 ; germ- theory of origin, 29, 
30 ; impure, 31 ; incipient, 26 ; indur- 
ated, 131 ; iron-ore, 27, 30 ; limonitic- 
calcareous conglomerate, 28 ; meta- 
chemic changes, 27 ; nature of, 13 1 ; 
origin of, 29, [31 ; ornamental stones 
derived from, 28 ; pisolitie, 29, 133 ; 
pseudo-oolites, 29 ; Ranawao, 27 ; 
ridges, 27 ; road-metal, 31 ; rt]st» 
coloured hill-caps, 27 ; Tukra, 29, 
61, 131 ; tukralite, 29, 132 ; uses of, 
30» 31 ; varieties of, 26 ; Wadala, 92, 
131 - 

Lavas, acid, 4, 35, 38 ; age of, 13, 81 ; basic 
4, 14, 35, 38 ; basic-glass, 130 ; bedded, 
81, 1 19-138 classification, 4, 34, 36; 
country-rock,’ 40 ; intermediate, 4, 35 ; 
sequence of, 38 ; ultra-basic, 4, 35. 

Lawson, A. C,, 12 1. 

Lea, Measham M. INST. C.E., 96, 

1 16, 


Lemberg, J., microchemical tests, 145. 

Lepi^Lagathis trinervis^ 77. 

Level Datum Pillar, MianI, 43. 

Light, ordinary, (natural), and polarised, 9. 

‘ Light-red,’ pigment of commerce, 42, 148. 

Light volcanic rocks, 36, 85, 119, 133-136 ; 

Limburgites : — Non-felspathic rocks cha- 
racterised by a coloured, (brownish), 
glassy base and essentially composed 
of units of augite, magnetite and fre- 
quently rich in olivine, 4. 

Lime, derived from miliolite, 58. 

Limestone, arenaceous Gaj, 147 ; dolomi- 
tised, 16, 144 ; Dwdrka, 42, 43, refer 
back to ‘Dwdrka Group of beds'; Gi.j, 
refer back to ‘Gaj Group of beds’; 
flaggy, pale-coloured, 44 ; miliolite, 
refer forward to ‘ Miliolite orbitoidal, 
143 ; rubbly, russet-coloured, 44 ; sub- 
aerial, 162-166. 

LithotkamnioUj calcareous Alga or nuUi- 
pore, 92, 141, and as clastic units in 
marine-littoral sedimentary rocks, 
quod vide. 

Littoral-zone, 18 ; animal and plant re- 
mains of, 91, 92. 

Lizard’s burrows, 67. 

Longulites, 134. 

Lower Eocene, 40, 136. 

Lvell, Sir Charles, 131. 


M 

M’CULLV, R. E. j., 49, 58, 72, 94. 

Madhavpur, Babudl Khan, 165, 166 ; 
consolidated blown-sands, 89. 

Madras, 51. 

Madrepores, 142, 158, 159, 160, i66. 

Magma-basalts : — Ncn-felspathic or poor- 
ly-felspathic rocks of essentially 
glassy texture, containing units of 
only augite and magnetite, and having 
the chemical composition of basalt. 

Magmas, acid and basic, 4. 

Magnesium chloride, estimation in ‘mother- 
liquor’ of evaporated salt of Porban<- 
dar salt-pans. 
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Magnetite or magnetic iron-ore, a con- 
stituent of most igneous and as clastic 
particles in many sedimentary rocks. 
See ‘ Petrographical Determinations,’ 
90-166. 

Matabar-COast, laterite used for build- 
ing, 31- 

Manchhar Group of Sind, 21. 

Margarites, 97, 134. 

Marine organisms, 12 ; comminuted Shells, 
16. 

Marsh, Great Northern Freshwater 
Ger, 62 ; Great Salt, 64, 70, 73, 75, 
150 ; saliniferous, Miani, 60, 

Massive or Igneous rocks, 4 ; geological 
ages, 13 ; tests for sound, economic 
stone, 5. 

Materials, strength of, 2. 

Meda-Creek, 43, 60 ; gypsum precipitate, 
60 ; level-datura pillar, 43 ; salinifer- 
ous marsh, 60, 

Mesolite, a triclinlc zeolite, — hydrous 
silicate of alumina, lime and soda, — in 
amygdales, 82, 122. 

Mesozoic Era, 13. 

Messent, P.G., M. Inst. C.E., 57. 

Metachemic changes, basalt of Bhav- 
pura, 126; in laterite production, 27, 
41. 

Metamorphism, chemical, 27, 41, 126; 

contact, 33, 84, 85, 128 ; thermal, 123. 

Metasomatism in Gaj limestones, 144. 

Miani, seolian sands, 60 ; alluvial mud, 
60 ; coastal-borderland section, 28, 
60 ; conglomerate, 43 ; coral-rock, 
43, 60 ; delta of the Wartu-river, 
60 ; Dwarka beds, 43, 60 ; geological 
structure, 60 ; gy psum, 60 ; level - 
datum pillar, 43 ; Meda-creek, 60; 
miliolite, 43, 60 ; saliniferous marsh, 
60 ; selenitic gypsum, 60 ; spit = 
bound harbour, 60. 

Microchemical tests, Lemberg’s, 145. 

Microcrystalline felsite, Dhanak Dhar, 
103. 

Microgranite, 3. 

Microlites, 37. 

Micropegmatite, 6-7, 8 ; incipient, 12 ; 
structure, 97. 


. r 

Micropegmatltic texture, 37 ; nuclei o* 
orbicular granophyre, 112, 113; 

rhyolite, 136. 

Microscope, differences between felsites 
and rhyolites under the, 37. 

Microspherulitic structure, 37. 

Miers, Sir Henry A., D.Sc., M.A., 
F.R.S., 102, 144. 

Miliolina^ 92, 141, 147, 157, 158, 160. 16 1, 
165. 

Miliolite, miliolite- limestone or ‘Porbandar- 
stone/ Adatiana- Heights, 14-151 
52, 90-93 ; Adatiana village, 52 ; 
Adodar, 69 ; age, 17, 91 ; arenaceous, 
47 ; basement beds, 54, 70, 91 : 
Bryozoa^ 92 ; calcite mosaics, 92 ; 
cementing matrix, 58, 59 ; chemical 
composition, 58 ; Chirora-ka'-Tobra, 
69, 93 ; clastic units, 59 ; coastal, 47 ; 
composition, 91 ; concretionary base, 
92, 93 ; conglomerate, 19, 46, 91 ; 
crushing strain, 50, 57; datum pillar, 
42 ; deep»sea, 91 ; deposition, 18, 46 ; 
different textures, 18; drift, 65, 70; 
Echinoidea^ 92 ; false-bedded, 17-18 ; 
Foraminifera^ 92 ; Glohigerina^ 92 ; 
grading of, 50-51 ; highest grade, 50, 
59 ; inferior, 59 ; laminae, 59 ; lami- 
narian-zone, 18 ; laterised, 29, 47 ; 
level-datum pillar, 43 ; lime from, 
58 ; limestone-limit, 25, 46, 48; 
Lithothamnion^ 92 ; Httofal-ZOne, 
i8, 91 ; main deposits, 48, 49 ; 
Miani, 43, 60 ; microscopical grad 
59 ; microscopical structure, 59, 
93 ; Miliolina^ 92 ; Mollusca^ 92 ; 
name, 46 ; occurrence, 17 ; origin, gi ; 
peculiar, 93 ; perforations, 47; period 
of sedimentation, 91 ; Pleistocene 
Period, 18, 91 > -Pulvinulmcif 92 ; pure 
limestone, 46; quarry-plots, 49; 
Salak Tobra, 69 ; second-grade, 51; 
sedimentary origin, 59; sedimentation, 
18 ; stained by laterite, 92; structure, 
17 ; terraces of, 18; Textularia, 92 ; 
thickness of, 47, 48,50; third-grade, 
51 ; Tukra, 47, 61 ; uses of, 50; varia* 
tions in texture and composition, i8, 
48, 91. 
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Mineral units of rocks, 2» 

Mining and quarrying sites, 6. 

Minsar-river, iq. 

Miocene Age, coral-zone, 62 ; depression 
of the coastal-borderland, 14, 15 ; 

Molhiscat 141 ; Gaj beds, 140-148. 

Mith) Khan, Sub-Recent consolidated 
blown-sand, 68, 77, 

Mohr Chupra Dungar, ruddy-grey, 
sub-holocrystalline granophyre, 114. 

Mokal, alluvium, 70, 71 ; bedded-lavas, 
70 ; Dwarka beds, 70 ; geological 
landmarks, 70 ; miliolite-base, 70, 71 ; 
miliolite-drift, 70. 

MolluscGy t 2, 92, 142, 144 ; clastic particles 
in most sedimentary and sub-aerial 
rocks See ‘ Petrographical Determi- 
nations,' 90-166. 

Molten-magmas, 4. 

Monsoon conditions, 26 ; ultra, 41. 

Morana, opaque tachylyte, 130. 

Morwara, compact-zone amygdaloidal 
basalt, 122 ; fissile amygdaloidal 
basalt, 125, 126; hypocrystalline oli- 
vine-basalt, 120-122 ; laterised amyg- 
daloidal basalt, 128-130; stem-like 
amygdaleSj 129. 

Moss-agate geodes, 83, 

‘ Mother-liquor ' from evaporated sea- 
water analysed, 72 ; magnesium chlo- 
ride in, 72. 

‘ Mosaics of calcite in thin sections of mi- 
Uolites and most sedimentary and 
subaerial rocks. See ‘ Petrographical 
Determinations, ’ 90-166. 

Mount Etna, 131. 

Mount Qirnar, 14. 

Mud, 62, 64, 66, 73, 139 ; dark-grey of the . 
Great Salt Marsh, 70 ; saliniferous 
and gypseous of the Salt Waste of 
MianI, 60. 

Mudstones, lacustrine and riparian, 139, 

Mulmadhavpur, minute structure of the 
consolidated shell-sand, 157, 158. 

Muscovite, 147, 153. 

N 

NAQKA, lithoidal rhyolite, 18, 34 ; obsi- 
dian vein, 18, 33, 34, £33, 134. 


19I 

Napoleonite, or ball-diorite of Corsica, 
111 . 

Natrolite, a rhombic zeolite, — hydrous sili- 
cate of alumina and soda, — in amyg- 
dales, 82, 122. 

Natural chitnaniy 68. 
sp,, 142. 

Nawagam or Rajpura, small limestone 
quarry and shelly conglomerate, 74. 

Nodosaria^ 15S, 

Norites or abyssal holocrystalline rocks, 
composed essentially of a lime-soda 
felspar and a rhombic pyroxene. 
When the pyroxene is monocUnic, the 
rocks are called gabbros. Both 
norites and gabbros vary from an 
intermediate to a thoroughly basic 
character, the latter usually holding 
abundant units of olivine, 3. 

North-Western Kathiawar, Dwarka 
Group of beds, 15. 

Nullipores, 92, 141, 144. 
m m III in idee , 144. 

o 

OBSIDIAN, vein of black at Nagka, 18, 
33> 34» 35» i33» ^34; Osham Hill in 
Qondal 5tate, 35 ; Rojhra in 
Navanagar State, 35. 

Obsidius, 133. 

Ochre, red, 26 ; yellow, 42, 62, 148. 

Okhamandal, Gaekwari Taluka of, 16, 
41, 42 ; Dwarka beds, 149. 

Oldest rocks in Porbandar State, 81. 

Olivine in blown sand, 166 ; in many basic 
rocks, see ‘ Petrographical Determi- 
nations 90-166. 

Oolitic structure, 159, 160 ; concretions 
160. 

Operculinaj 165. 

Optical analyses, felsites and granophy- 
res, 95. 

Orbicular granites of Ireland, Sweden 
and the United States of America, 

HI. 

Orbicular granophyre of Qured Dbar, 
ill ; celyphitoid borders, 112 ; highly 
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ornamental character of, ii2;micro- 
pegmatitic nuclei, 112, 113; micros- 
copical determinations, 112, 113; 

specific uses, 112. 

Orbitoidal limestones, 143. 

OrbitoideSy 14 1, 144 ; O, dispansa and O. 
ephippiuniy 144, 

Origin and nature of rocks, 3 ; laterites, 
29, 30, 41, 131 ; miliolites, 18, 59, 91 ; 
rhyolites, 38 ; sedimentary deposits, 
13 ; Sub-aeolian Dwarka beds, 16. 
Orfo Vokala, 16, 18, 34. 

Ornamental stone : — Amygdaloids, S3 ; 
changes in colour due to oxidation 
and sunbaking, 26, 27 ; felsites, 9, 95, 
99; Gaj limonitic-limestones, 15.42 ; 
habardilite or calcareous laterite-con- 
g’omerate, 28 ; holocrystalline grano- 
phyre, 114 ; orbicular granophyre, 
III ; rhyolites, 16, 35 ; spherulitic 
felsites, 8, ii, 99, 100. 

Osham Hill in Qondal State, obsidian 
mistaken for coal, 35. 

Ostrea multicostatat 142. 


P 

PACHYSERIS MURCniSOXIy 142. 

Palagonite, clastic grains in consolidated 
blown-sand, 165, 166 ; scales in de- 
composed sand of the cave, Jambu* 
vanti Bhoira, E19, 130. 

Palakra, Deccan-trap, 62 ; Gaj beds, 42, 
62 ; pinddralite, 62 ; yellow-ochre, 42, 
62, 148. 

Pans, salt, of Porbandar, 71, 72. 

Pata, Aloe vera, 77 ; sand-dunes, 75 ; 
Sub-Recent consolidated shell-sand, 
77* 

Paving-setts, 84. 

Pecten bouci zx\di /*. favreiy 142. 

Pectunculus pecten y 142. 

Pegmatite, % 

Pelecypoda or Lamellibranchiata shells of 
Recent, 68. 

PeneropliSy 152, 165. 

Peninsular«lndia, 13, 19, 40 ; cities of, 
SI- 


Perforations, cause of in chaya-stone, 67 ; 
in miliolites, 47. 

Peridotites ; — Abyssal, holocrystalline 
rocks of ultra-basic composition ; 
strictly non-felspathic, but occasional- 
ly with subordinate felspar, and rich 
in olivine. When altered, they pro- 
duce serpentine-rocks, 3. 

Perlitic structure, 130 ; cracks, 37, 

Petrographical Determinations, 90-166 ; 
altered amygdaloidal basalt, Saja- 
nawala Nes, 1 23-125 ; altered 
coarse granophyre, Babla Dungar, 
109, no; altered pink granophyre, 
Vijfaria Jhar, ic8 ; amygdaloidal 
basalt, compact-zone, Morwara, 122; 
arenaceous, Gaj beds limestone, 
Degam, 147 ; ‘ bharwaralite ’, or- 

namental limestone, Bharwara, 146 ; 
black basalt of dyke, Kunwadars 
Ma|iwana-5isli, 138 ; black basalt 
of narrow dyke, near Baktiarla, 137; 
brown-grey sunbaked-rhyolite of 
dyke, Nagka, 134 ; chemically-meta- 
morphosed basalt, Bhavpura, 126, 
127 ; cleaved porphyritic granophyre, 
summit, Dhori Dhar, 107 ; consoli- 
dated blown-sand, ‘ chaya-stone 
Chaya, 163, 164 ; consolidated blown- 
sand, Madhavpur, 165, i66 ; con- 
solidated shell-sand, Bhado Dhar, 
152* 153 ; consolidated shell-sand, 

near shore, Chaya, 154, 155 ; con- 
solidated shell-sand, City-creck, 
Porbandar, 151, 152 ; consolidated 
shell-sand, Khari Khan, 162-163 ; 
consolidated shell-sand, Mulmad- 
havpur, 157, 158 ; consolidated 

shell-sand, Navibandar, 156, 157 ; 
consolidated shell-sand, Rana 
5aheb’s Palace. 150, 151 ; con- 

solidated shell-sand, Rabarikhira 
Khan, 158, 159 j consolidated shell- 
sand, Village of Tunkra, 155, 156 ; 
decomposed hypabyssal rock, Jam- 
bu vanti Bhoira, 118, 119 ; felsitic 
granophyre, 104 ; finely-textured por- 
phyritic granophyre, Dhordl Dhar, 
1 17, 1 18 ; finely-textured porphyritic 
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granophyre, Dhori Dhar, n6 ; 
finely-textured sub-porphyritic grano- 
phyre, Cocachia Dhar, 117 ; fissile 
amygdaloidal basalt, near Morwara, 
125, 126 ; fissile amyg^daloidal olivine- 
basalt, Wadala, 127, 128 ; foramini- 
1 eral flagstone, Dwarka G roup, 
Degam, 161, 162; foraminiferal flag- 
stone, Dwarka Group, Kunchri, 160- 
161 ; holocrystalline granophyre, 3 
miles NE. of Ranawao, 115, 116; 
holocrystalline ornamental grano- 
phyre, Adatiana*Heights, 114, 1x5 ; 
hypocrystalline olivine-basalt, Mon* 
wara, 120-1x2 ; hypocrystalline, pur- 
plish-brown rhyolite, Nagka, 135 ; 
incipient spherulitic felsite, Bhatwarl 
Dhar, 97 ; laterised amygdaloidal 
olivine-basalt, Morwara, 128-130 ; 
miliolites, exemplified by typical high- 
est-grade sample from the Adatiana- 
Heights, 59, 91 and Fig. 33; obsidian, 
Small apophysial vein near Nagka, 
134 ; orbicular granophyre, Cured 
Dhar, iii- 113 ; * pind^ralite orna- 
mental limonitic-Iimestone, 143 ; piso- 
litic-laterite, containing bauxite, 
Tukra, 133 ; porphyritic microcrystal- 
line felsite, Dhanak Dhar, 103 ; rhyo- 
lite with micropegmatitic structure, 
Paria Dhar, 136 ; spherulitic, orna- 
mental felsite. Ad at lana- Heights, 
100-103 * spherulitic, ornamental 
felsite, Krishna Jhar, 99 ; sub- 
sub-holocrystalline granophyre, Rana- 
wao-Bordi road, 115; Sub* holo- 
crystalline granophyre, Vijfaria 
Jhar, 107-109 ; Sub-Recent rocks, 
89 ; ‘ Tukralite', 132 ; typical grano- 
phyre, Dhori Dhar, 106 ; typical 
granophyre, Qadhia Dhar, 105, 106. 

Petrology, modern applied, 2. 

Photograph and photomicrographic re- 
productions. See ‘ List of Plates 

Phyla of economic stones of Porbandar 
State, 90-166. 

Physical properties of, acid volcanic 
rocks, 85 ; basic volcanic rocks, 85 ; 
consolidated shell- sand. 88 ; Dwarka 


limestones, 87 ; felsites, 9 ; Gaj lime- 
stones, 42, 62 ; miliolites, 50, 51, 

Piers of bridges, 84. 

Pigments, ‘ indian-reds', 15 ; ‘ light-reds,’ 
42 ; yellow-ochre, 42, 62, 14S, 

Pindara in the Quit of Kutch, 15. 

Pindaralite, t6, 86, 143 ; Jam 5aheb’s 
Palace, 86 ; microscopic structure, 
143, 144 ; Palakra, 62. 

Pisolitic laterite, impure aluminium-ore, 
29 » 133 - 

Pitchstones : — Hypabyssal rocks of the 
glassy or vitrophyric type, occa- 
sionally containing crystals, but fre- 
quently full of incipient crystalline 
growths, 3, 4, 10. 

Placima sp., 142. 

Plants concerned in the conservation ot 
blown-sand, 76, 77, 

Pleistocene Age, 12, 14-15, 21, 28 ; 

Dwarka beds, 17 ; elevation of the land 
subsequent to the, 70 ; foraminifera 
limestones, 46 ; ‘ habardilite’, 28 ; 

laterite-con glomerate, 28 ; miliollte, 
18, 46, 88 ; sea, 46 ; subsidence during 
the, 45. 

Pliocene Age or Higher Tertiary, Dwarka 
beds, 17, 149, 150. 

Plio-Pleistocene age of the Dwarka beds, 
42, 64. 

Plutonic, Abyssal or rocks of deep-seated 
consolidation, 3. 

Polarised light, 9. 

Polysoay clastic units of ectocysts, 141, 
142, 144, 146, 147, 151. 

Porbandar City, alluvium of the Creek, 
69 ; cement works, 58 ; consolida- 
ted shell-sand, 17 ; Dwarka beds, 42- 
44i 63, 64 ; GAj beds, 15 ; Quaternaiy^ 
strata, 65; sand-dunes, 63, sea-level, iS; 
Victoria Jubilee Bridge, 15. 

Porbandar State, coastal countryside, 
41, 60-79 ; consolidated blown-sands, 
163-166 ; Dwarka beds, 42, 149-162 ; 
economic felsites, 12 ; Gaj beds, 140- 
148; granophyres, 12,93-119; old- 
est rocks of, 13 ; port of, 39 ; rhyolit- 
es, 32, 133-136 ; sedimentary rocks, 
139-162 ; sub-aerial rocks, 162-166 ; 
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sub-central portions, 1-21 ; volcanic 
rocks, 1 19-136. 

‘ Porbandar-stone', miliolite or miliolite- 
limestone, 90-93 ; refer back to 
* miliolite.’ 

Porcelain, manufacture of, iii. 

Porphyries and Porphyrites. A com- 
paratively limited conventional group 
of hypabyssal rocks of intermediate 
chemical composition,* characterised 
by their porphyritic structure, of 
phenocrysts in a ground-mass. Por- 
phyries are distinguished by the 
predominating presence of alkali or 
monoclinic felspars, and porphyrites 
by soda-lime or tricUnic felspars in 
preponderance, 2, 4. 

Post-Pliocene Dwarka beds, 17. 

Post-Tertiary elevation of the land, 17. 

Potters’ clays, 139. 

Pre-Miocene formation of laterite, 41. 

Prospecting for massive merchantable 
stone, 6, 

Province of Kathiawar, 13 ; • subsi- 
dence during the Pleistocene Period, 45. 

Pseudo-cleavage in small dykes, 7. 

Pseudo-oolitic emanations, 160, 164. 

Pseud o-spherulites, when the black-cross 
shifts upon rotation of the thin sec- 
tion between crossed nicols 1 1. 

Pidlastra virgata^ 142. 

Piilvintilina^ 92, 

Q 

QUANTITATIVE chemical analyses of 
hypabyssal rocks, 94. 

Quarries, BabudI Khan, Madhavpur, 

76 ; ‘ Chaya-stone’, 66, 67 ; miliolite- 
limestone, i, 25. 

Quarrying and mining sites, 6, 20, 117, 118. 

Quarry-sites, 6, pegging out, 10 ; sign on 
geological chart, 20, 

Quarterly Reports, 1-2 1, 25*34, 57"79> 
81-166. 

Quartz, amygdales, 82 ; clastic particles 
in sedimentary rocks, see ‘ Petrogra- 
phical Determinations’, 90-93, 139. 


166 ; fibrils, 8, 11 ; intergrowths with 
felspar, 7, 8, 10 ; raicropegmatite, 6- 
7, 8, 12, 97 ; mineral units in hypabys- 
sal rocks, see ‘ Petrographicai Deter- 
minations’, 93-119; rhyolites, 133- 
136. 

Quaternary Era, Lower, 21 ; strata, Por- 
bandar City, 65, 66. 


R 

RABARIKHIRA KHAN, consolidated 
shell-sand, 158, 159. 

Railway-cutting, fine exposure of sec- 
tion of spheroids in hypabyssal rock, 
directly covered by false-bedded 
miliolite, near Ranawao-station, 4. 
Raised-beaches, i6, 18, 21, 87, 162. 
Ra|kot, 46. 

Rajpura or Nawagam, small limestone 
quarry with base of shelly-conglo- 
merate, 74. 

Rana Saheb’s Palace, Dwarka beds, 19, 
150. 

Ranawao, 1 ; Adatiana-Heights, 48 ; 

Dwarka beds, 43, 44, false-bedded 
miliolites, 4, 48, 49, 71 ; railway- 
cutting, 4 ; railway-siding to ex- 
tensive miliolite quarries, 48 ; State- 
jungle, 19 ; Tertiary Period depres- 
sion, 15. 

Ranawao-road, Porbandar City, 

Dwarka and Gaj beds exposed by 
the creek, 15. 

Rangoon, 51. 

Ratarl. 62 ; long ridge of Dwarka beds, 

63- 

Recent-Period 18, 21 ; consolidated blown 
and shell-sands, 77. 

Reclamation of land from the Great 5alt 
Marsh, 73. 

Re-crystallised calcite, 12, 14-15, 28 ; see 
also Petrographicai Determinations,' 
93 > i 39 » i 44 » i 47 > 151, 152, 155-161, 
163-165. 

Red, Indian, 15 ; ochre, 26. 

Renawara, Dwarka flagstones, 44 ; 
Gaj fossiliferous limestones, 141, 142. 



INDEX 


195 


Report, Narrative. First Section of 
volume, pag’ed in small Roman nume- 
rals, i-cxcv. 

Reports, Quarterly, 1-21, 25-54, 57-79* 
81-166. 

Reticular jointing, 122. 

Rhyolites, 32-39» 133-^36 ; age, 38 ; 

banded, 33, 35 ; building-stones, 36 ; 
columnar, 33, 35 ; contact metamor- 
phisro, 37 ; definition, 34 ; devitrifica- 
tion, 37 ; differences from falsities, 

37 ; dykes, 18, 33, 34 ; Eocene age, 

38 ; flow-structure, 34, 35 ; geolo- 

gical age, 38 ; glassy, 35 ; Qondal 
State, 35 ; hypocrystalline, 135 ; 
indurated, 18, 33, 34 ; Khistri dyke, 

33 ; ‘light-volcanics’ of the United 
States, 36 ; lithoidal, 18 ; localities, 
32, 38; micropegmatitic, 136 ; Nagka, 
18, 33. 34; Navanagar State, 33, 

34 ; obsidian, 18, 33-35, 133, 134 ; 

occurrence, 38 ; origin, 38 ; Orio 
Vokala, 16, 18, 34 ; Osham Hill, 

35 ; Porbandar State, 32-38, 133- 
136 ; road-metal, 36 ; Rojhra, 33, 34 ; 
special uses, 35, 36, 134, 135 ; specific 
gravity, 37 ; spheroidal shrinkages, 
35 ; spherulitic, 135 ; varieties, 35. 

Richthofen, Baron F. von, 35. 

River, Bhadar, 74, 75 ; Minsar, 19 ; 
Wartu, 60. 

River-gravel, Visawara, 61. 

River- terraces, 1 8, 21, 61, 89, 162. 
Road-metal, 7, ii ; compact lavas, 84, 
120 ; dense black basalts, 137, 138 ; 
Dwdrka limestones, 64 ; hypabyssal 
rocks, 51, 93, 104, 105, 114, 116, 117 ; 
Karachi Municipality, 51, 96, 104, 
n6 ; laterite, 31 ; rhyolites, 36 ; 
Southern-districts of Porbandar 
State, 78, 79. 

Roches moutonri^es appearance of blown- 
sands, 77. 

Rock-plains of bedded-lava, 13. 

Rocks, abyssal, 3, 34 ; acid, 4. 34, 133-136; 
seolian, 18, 163-166; amorphous, 10; 
%asic, 4, 34, 136-138 ; bedded lavas, 
81-85 ; chemical composition, 2 ; 
chemically classified, 4, 34 ; colour 


changes, 26, 27 ; columnar jointing, 
5, 36 ; Deccan-trap, 81 ; detrital, 18 ; 
dyke, 5, 20, 38, 85, 133-138; economic, 
I. 2, 4, 5, 20, 21, 35, 44, 45, 62, 78, 81, 
84, 86, 88, 90, 93, 94, 95, 100, 110-112, 
114-117, 119, 133 ; eruptive, 34, 81; 
glassy, 10 ; hardening of, 26 ; holo- 
crystalline, 3; hypabyssal, 3, 4, 5, 
10, 20, 26, 34, 93-113; hypocry- 
stalline, 1 20-122, 135 ; igneous, 

5 ; intermediate, 4, 34 ; intrusive, 

5; isotropic, 10; lateritic, 25-31, 
4^. 131-133; light-volcanic, 36, 85, 
5i9» 133-136; limonitic-limestone, 

refer back to ‘ Gdj Group’; massive, 
4 ; miliolitic, refer back to ‘ Miliolite’; 
nature and origin of, 3 ; oldest in 
Porbandar State, 8i ; phyla of, 90- 
93. 93*119. 119-138, 139-162, 162- 

166 ; Plutonic, 3, 34 ; Recent^ 18, 89 ; 
relationship of mineral units, 2 ; 
science of, 2 ; sedimentary, 139-162 ; 
spheroidal shrinkages, 5, 36 ; Sub- 
aerial, 162-166 ; Sub-recent, 18, 89 ; 
ultra-basic, 34 ; volcanic, 4, 5, 35, 
119-138 ; wearing down of, 5 ; 
weathering of, 5. 

Rojhra in Navanagar State, obsidian, 
33 ; obsidian mistaken for coal, 35. 

Rosenbusch, Professor H., 126 

138- 

Rotalia^ 147, 160, 

Rotalidcej 12, 154, 1 61, 

Roxburgh, Dr.W.,M.D.,F.R.S,E., 76. 

Rubislaw quarries, Aberdeenshire, 

granite, 3. 

Russet-coloured, rubbly-limestones of the 
Dw^rka Group, Arniala, 44 ; 
Bokhira, 44 ; Katela, 44 ; Sirina- 
gar, 44. 


S 

SAJANAWALA NES, altered basalts, 
123-125 ; felsites, 98. 

Sakhpur, yellow-ochre, 14S. 
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5alak Tobra, Dwdrka flagstones, 69 ; 
white limestone, 69. 

Salt Marsh, the Great, alluvium, 64, 70; 
area, 70 ; artesian-wells, 73 ; Dwirka 
beds underlying and occasionally out- 
cropping, 150 ; Madhavpur, 75 ; 
reclaimable waste territory, 70, 73 ; 
south of Navibandar, 75. 

Salt-pans, 64, 71 ; evaporated sea-salt, 
71, 72 ; magnesium chloride, 72, 

Sand aeolian, 60 ; blown sea, 21, 60, 75 ; 
cave, of decomposed felsite or grano- 
phyre, 49. 

Sand-dunes, 21 ; Chaya, 68 ; Khimesh- 
war Temple, 63 ; Kunchri, 63 ; 
Miani, 60 ; Porbandar City, 63 ; 
Tukra, 61. 

Satavari Jhar, Navanagar State, 8 . 

Sathvirda Nes, 53 ; fresh-grey grano- 
phyre, 109; the vale of, 26. 

Schizaster grantiy 143, 

Science of rocks, 2. 

Sea, the Pleistocene, 46; the Tertiary, 28, 

Sea-salt, evaporated, 71 ; ‘ mother-liquor ' 
from, 72. 

Sea-water, magnesium chloride in, 72. 

Second Quarterly Report on the Economic 
Geology of Porbandar State, 25- 
54 - 

Sedimentary deposits, 13-19, 46-53, 90-93, 
139-162, 

Selenitic gypsum, Miani, 60. 

Sepia sp., 142. 

Sequence of volcanic lavas, 38, 

Serpentine in amygdales, 124* 

Setts, paving, 84. 

Shaloid Dwdrka limestone near Kham- 
bhodar, 64. 

Sheets of lava, 4. 

Shell-sand, consolidated, lo, 17, 21, 63, 87, 
150 ; Sub-recent consolidated and con- 
solidating, 44, 63. 

Shrinkages, spheroidal, 5 ; diminutive, 
122. 

Signs and colours on the Geological Chart, 
20, 25. 

Sij Jhar, miliolite, 52, 53. 

Sikasa, alluvium, limy and gavelly con- 
glomerate, narrows of the Great 
5alt Marsh, 75. 


Silica, cloudy, 122. 

Siliceous amygdales, 82, 

suicide of iron, 83, 122, 129. 

Sind, Gdj Group of beds, 15, 21 ; Manch- 
har Group, 21. 

Sirinagar, Dwdrka beds, 43, 44, 63 ; 
Gdj fossiliferous beds, 63, 141. 

Sites for quarrying and mining, 6. 

Soil, burnt volcanic dust, 26 ; fertile re- 
claimed, 70 ; laterised, 26. 

Sound-stone, tests for, 5, 6. 

Specific gravity : — Barda Hills rocks, 94 ; 
Bhatwari Dhar stone, 94, 96 ; inci- 
pient spherulitic felsite, 94, 96 ; normal 
sea-water, 72 ; salt-pans evaporated 
brine, 72. 

Spheroidal shrinkages of dyke rocks, 5 ; 
on a very diminutive scale, 122, 

Spheroids, 4 ; small, 122. 

Spherulites, 8, n, 37, 100. 

Spherulitic felsites : — Adatlana- Heights, 
100 ; definition, ii ; incipient, 96-98, 
Javantara Gara, 99 ; Krishna 
Jhar, 99 ; Ladha Dhar, xoo ; 
microscopic structure, 99, 100 ; orna- 
mental, 8, 99, 100 ; Railway-cutt- 
ing at Ranawao, 100 ; Satavari 
Jhar* 8 . 

Spherulitic rhyolite, 135. 

Spit-bound harbour, Miani, 60. 

Spondyhis rouaulti^ 142. 

Stem-like amygdales, 84, 128, 129. 

Steps, strong stone for, 52. 

Stone for floors, pavements and steps, 52. 

Stone, tests for sound, 5, 6. 

Stratigraphical relations of sedimentary 
deposits, 13. 

Strength of materials, 2, 7. 

Stromhus gigaSy 141. 

Structure, definition, 58 ; gloraero-porphy- 
ritic, I2I ; intersertal, 120 ; perlitic, 
130 ; spherulitic, 8, il, 37, 100, 130. 

Stylophora sp., branched-coral Gaj fossil, 
62, 142. 

Sub-aerial denudation. Tertiary and Post- 
Tertiary, 46. 

Sub-aerial rocks, 162-166. 

Sub-aerially consolidated blown-sands and 
shell-sands, 77. 



INDEX 


197 


Sub-.etUra! portions of Porbsndar State, 

I-2I. 

Sab-^roups of the Dwarka beds in Pof- 
bandar State, 149, 150, 159, 160. 

Sub-hoiccrystalUne g^ranophyre, Vtjfaria 
Jhar, 107-109. 

Sub-recent and Recent consolidated 
bk^wn-sands, 77. 

Sttb recent and Recent consolidated shell- 
sands, 77. 

Subsidence of the province in the Pleisto- 
cene Period, 45. 

Succession of rocks in the region of the 

Barda Hills, 90. 

Sunbaked granophyre, 6*7 ; rocks, 26. 

Sunbaking, laterisation by, 6-7 ; 26. 

Syenites • — Abyssal, holocrystalline rocks 
of coarse to medium texture and de- 
cided alkaline composition, essentially 
constituted by mostly hypidiomorphic 
units of alkali felspars or felspathoids, 
and a smaller proportion of ferro- 
magnestan minerals with sundry ac- 
cessories, 3. 

Symjns K. Sydney, Manager of the 
Cement Works of The Indian Ce- 
ment Company, Limited, at Por- 
bandar. 


T 

TACHVLVTE, opaque, at Morana, 130. 

Taiuka of Okhamandal, t6, 41 , 4^> i49> 

Tchutri or Umbrella-Babul trees, lo. 

Tf'Uina sub'donacialisy 142. 

Terttnerhinus affints^ 142. 

Tfmyiechtntis co status. 143. 

Tfnynf'chinus rousseaui> 143. 

Temnechinus tuherculosusy 143. 

Terraces, river, 18, 21, 61, 89, 162, 

Tertiary Era, colours on chart, 21 ; de- 
pression of land, 15 ; Dwarka beds, 
16 85, 149-162 ; Early, 41 ; Gat beds, 
1^, 16, 41. 61, 62, 63, 65, 85, 86 
140-148 , Higher, 149; sea. 28; sub- 
aerial denudation, 46- 

Tests for sound stone, 5, 6, 

02, 14 1 . I'^S, i 6 o, 161 


Texture, coarse, medium and fine, 8 , 
definition, 58 ; holocrystalline, 3 , 
hypocrystalline, 120 ; micropegma- 
filmic, 37 ; microspherulitic, 37 ; ultra- 
microscopic, 37 ; value of, 7, 

Thermal metamorphism, 123. 

Third Quarterly Report on the Economic 
Geology of Porbandar State, 57-79. 

Trachytes -Volcanic rocks linking the 
more acid rhyolites to the andesites 
of intermediate chemical composition, 
constituted essentially of alkali-fels- 
pars and an appreciable proportion 
of ferro-magnesian minerals, but free 
from quartz, 4. 

Transitional phases from felsites to grano 
phyres, 10.' 

Trockus cog'natuSi 142. 

Trockus cunudanSy 142. 

Trockus ioryi, 142. 

Trococyathus sp., 142. 

Tropical and moist climes, 26. 

Tttkra, 28, 31, 41 ; coastal-borderland, 3: . 
Dwarka beds, 60, 61 ; fossiliferous 
beds, 61 ; Gaj beds, 61 ; laterite and 
laterite-conglomerates, 29. 6i, 131 
miliolite, 60 ; sand-dunes, 60. 

‘ Tukralite new^ name for limonitic. 
calcareous variety of laterite-couglo- 
merate, 29, 132. 

Tltnkra, causeway, 71 ; coastal border- 
land, 70, 72 ; commercially valuably 
Dwarka beds, 73 ; evaporated salt- 
71 ; microscopic structure of the con- 
solidated shelUsand, 155-156; occluded 
creek, 71 ; sandy bar, 71. 

Turrifella angtdata.^ 142, 

Turntetla sp., 62. 

7 urritella subfasciata., 142, 

Turrifella vittata^ 142. 

Typical granophyre, 6-7 ; 105, to6. 


U 

ULTRA-BASIC lavas, 35 ; molten mag. 
mas, 4. 

Ultra-microscopic texture, 37 
Ultra-monsoon conditions, 41. 
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‘ Umbrella* babul-trees, lo. 

United States of America, light vol- 
canic rocks or rhyolites used as build- 
ing-stones, 36, 135 ; orbicular granite, 
III. 

Units, clastic, of sedimentary and sub- 
aerial rocks, 139 ; mineral, ol igneous 
recks, 2. 

Upper- D war ka Sub group of beds, i7» 
149- 

Uses of basalts, 83, 84 ; ‘ Chaya-stone/ 
68 ; Dwarka limestones, 44, S6 ; fel- 
sites, 9, 93, 94 ; Gaj limestones, 42, 86; 
granophyres, 7, 8, 93, 94 ; latentes, 
30, 31 ; miliolites, 50, 51 ; rhyolites, 

.36, 135- 

V 

VALE of Sathvirda, pathway through 
Bhil Jhar, Fig. 14, 26. 

Vandhra Jhar, 25. 

Variations, in Dwarka beds, 63 ; in milio- 
htes, 48. 

Vegetation, paucity of m lateritic regions, 
3^* 

V*ein of obsidian at Nagka, 18. 

Venus cancellatay 62, 142. 

Penus nonmscriptay 142- 

Wrtical, milioUte limestone-limit, 25, 46, 
48. 

Victoria Jubilee Bridge, Porbandar, 

Dwarka and Gaj beds, 15. 

Vijiaria Jhar, sub-holocrystalline gra- 
nephyre, 107-109. 

Virpur, 15, 19 ; Gaj beds outcrop, 15. 

Vifswara, censolidated river-gravel, 61 ; 
coral-reef, 43, 61 ; creek-mouth ex- 
posure®, 43, 61 ; Dwarka beds, 43> 

Gaj beds and fossils, 41, 43» 141 , 

geological structure cf the coastal- 
Ocrderland, 32. 61 ; Inland Tertiary 
deposits, 62 j miliclite, Ci ; recalcified 
corals, 61. 

vitreous or glassy rocks. 10. 

Vitrcphyric structure, 13c. 

tributary to river,— Crlo, 18 ; 

Wandana, 65. 

Vc'canic activity, Early Eocene. 13 ; foci of 
^ripti'^n, 14. 


Volcanic dust, burnt :6. 

Volcanic rocks. 4, 34, 119-129; ao'd, 34. 
U9- 153*3^; basic, 24, 119-^33 

dykes, 133- 140 . intermediate, ".4 
‘ light' cr rhyolites, 36. 85. 1 19, 133 • 
136; miliohte clastic-umts , 
of, 38^ 

Volcano, basal wreck cf a huge, 

Voluta edTiatcisi 142. 

W 

WADALA ; fi ssile, amygdaloidal ohvme 
basalt, 127, 128 ; laterised miliclite. t.z 

Wadhwan, limestone-limit on Chotila 
HiU, 46. 

Wadwaia, Aiech Hills, granephyre t-7, 
19. 

Wadwata, bedded lavas and mdiolite- 
base, 71 

Walotra, miliolite-congicmerate, 19. 

Wandana-vokala, Virpur. outcrop cf 
G/ij beds, 65. 

Wartu -river, delta, 60; tachylyte at 
Moranj, 13c. 

Wastage for road-metal, 11. 

Water-logging, prevention of, 6. 

Watson, John, 32, 57. 

Wearing-down of igneous rocks. 5; ; of 
laterite, 27. 

Weathering cf rocks, 5, 27. 

Y 

YELLOW COLOUR cf the Gaj Group cf 
beds, 41. 

Yellow ochre, Palakra, 42, 62. 14b, 

Sakhpur, 14^ 

Z 

^EOLIIES, mesolite, 82, 122; natroiite, 
82, 122, 

Zeolitiferous amygdales, 82, 83, 122 , dis- 
coidal, 127 ; item-like. 128, 229. 

Zones, arnygJaloidal, S3, 122 ; bedded- 

lava, Sz; compact cr middle; 83 ; con- 
tact, lower or stem-like, 84-130, 
scori.aceous, upper or vesicular, m 
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C RETAG EO -EOCENE TERTIARY QUATERNARY 


LEGEND 



ALLUVIUM, 5tLT5, SANDS AND GfiAVEL . 
Rup'TCLp ctTid Co-nqlornerates forTning 
aTidin process of Corsoitdci'Lt^n/ 

RAISED BEACHES AND R < VE R -T£ R RACES. 


MilIOLITESand Mihoute conglomerates 



Upper Strata or the: Dv^arka 6roup . 

ForainiTTLfcral Limestones 
Cor cx-l- roeVe o-nd Reefs 

Lower Strata of th£ Dwarka Group. 





Rh YOLJTE.S. 



Basaltic Lavas and Dykes. 



Felsites. 
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Granophyres. 
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MAP 8. 
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MAP 13. 









Map 14. 



















